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5Preface
The need for circumpolar monitoring of ringed seals (Pusa hispida) has been recognised as an essential com-
ponent of any arctic monitoring plan, since the first recognition that climate change was having an impact on 
the Arctic. This keystone species is the most numerous arctic endemic pinniped and a key food resource for 
polar bears (Ursus maritimus) and people in many northern communities. It is a unique species that is found 
only in the Arctic. In arctic “hot-spots” this species is already experiencing serious impacts in terms of reduc-
tions of its breeding habitat. Ringed seals are an extremely sea-ice dependent species that is clearly threatened 
by global warming.
The first international workshop to formulate marine mammal monitoring programmes across the Arctic was 
sponsored by the Marine Mammal Commission of the United States. This workshop was held in Valencia, 
Spain, 4-6 March 2007 and focussed on two key species or “test cases” – white whales and ringed seals (see 
Appendix 1 and Simpkins et al. 2009). The comprehensive monitoring programmes envisaged at that work-
shop have not been realized. But, uncoordinated efforts in some arctic countries have taken place in the five 
intervening years, though a lack of international co-ordination and in particular a lack of committed funding 
has left scientists in each country working in isolation with annual time horizons (or project-term limited time 
lines of a few years).
In 2012 the Arctic Council provided funding, via the Ministry of the Environment of Norway, for a core group 
of ringed seal scientists to get together in a workshop environment to advance international co-ordination of 
ringed seals research and monitoring activities (Appendix II). This CAFF Ringed Seal Network Team met in 
Tromsø, Norway in early October 2012. The primary goals of this workshop were to review current research 
and monitoring activity and to select key monitoring parameters that could be consistently collected across the 
ringed seal’s range at key sites. 
Kit M. Kovacs, Norwegian Polar Institute   
(CAFF Ringed Seal Network Chair)
Core start-up group members        
Peter Boveng, National Oceanic and Atmospheric Administration, USA    
Lori Quakenbush, Alaska Department of Fish and Game, USA     
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7Recent research, population status and 
current monitoring in the circumpolar 
Arctic (by region) 
Alaska – NOAA
Dr. Peter Boveng,       
National Oceanic and Atmospheric Administration (NOAA)
Two recent studies in Alaskan waters have addressed questions about 
breeding population structure. Kelly et al. (2010a) found that ringed seals 
in the shore-fast ice of the Beaufort Sea used very small breeding home 
ranges in successive years, indicating fidelity to breeding sites and a po-
tential for limited dispersal and genetic differentiation between breeding 
populations. Kelly et al. (2009), however, found no such differentiation in 
samples when comparing numerous sites in Alaska, the western Canadian 
Arctic, and the Baltic Sea, perhaps indicating that isolation times have 
been insufficient for genetic drift or that dispersal from natal sites is com-
mon before recruits establish their breeding locales.
Ringed seal populations in the Bering and Okhotsk Seas were surveyed 
in April-May, 2012, as part of a two-year collaboration between teams 
from the Russian Federation and the US (Bering-Okhotsk Seal Survey 
(BOSS) Program). Preliminary analyses of images obtained in these 
instrument-based surveys indicate that large numbers of ringed seals occur 
and reproduce in these seas and that the estimates produced by BOSS will 
provide a basis for assessing trends in the future.
The status of all five ringed seal subspecies was reviewed in support of an 
extinction risk assessment carried out in response to a petition to list the 
seals under the US Endangered Species Act (ESA; Kelly et al. 2010b). 
Arctic ringed seals (P. h. hispida) were found to be at risk of severe loss 
of habitat by the end of the 21st century, due to projected loss of areas with 
sufficient snow accumulation on sea ice for adequate birth lair formation 
and maintenance (Hezel et al. 2012).
The BOSS Program is the only current ringed seal monitoring activity 
conducted by NOAA. Proposals have been developed for an Arctic-wide 
remote-sensing protocol to monitor dates of the annual onset of snow 
melt, and for genetic sampling to monitor population structure and de-
mography (via mark-recapture methods).
Alaska – Department of Fish and Game 
Lori Quakenbush      
Alaska Department of Fish and Game (ADF & G)
The Alaska Department of Fish and Game (ADF&G) has been monitoring 
the health and status of ringed seals in Alaska since 1960 by collecting in-
formation and samples from the Alaska Native subsistence harvest. Retro-
spective data analyses from this monitoring program allow us to examine 
how parameters that affect population size and status may vary in time 
and how current conditions compare with the past. Parameters monitored 
that are indicative of population health or status include growth rate, body 
condition, diet, age distribution, age of maturation, and pregnancy rate. 
Since 2000, ADF&G has also conducted surveys of local knowledge and 
hunter preferences and analyzed tissue samples for contaminants and dis-
ease. All of these collections rely on the cooperation of coastal subsistence 
communities. Villages that have participated in the sampling program span 
the region from Hooper Bay in the Bering Sea to Kaktovik in the Beaufort 
Sea, including islands in the Bering Sea; the total area encompassed by the 
surveys includes most of the range of ringed seals in Alaska.
Local knowledge — Hunter questionnaires are used to evaluate seal avail-
ability for harvest and hunter bias in the samples so that we can determine 
whether changes are due to hunter behaviour or related to the seal pop-
ulation itself. Responses to hunter questionnaires from five participating 
villages did not indicate decreases in ringed seal numbers (availability) at 
any location in recent years.
Diet — Using stomach contents from 1,555 ringed seals collected between 
1960 and 2009, we identified 155 different fish and invertebrate prey of 
which 99 were common. Using percent frequency of occurrence, fish 
were consumed significantly more frequently (4.1 times) during the 
2000s than during the 1960s and 1970s. Too few data were available for 
analysis in the 1980s and 1990s. The increase in fish consumption over 
time was likely driven by increases in the consumption of cod, includ-
ing arctic cod (Boreogadus saida), saffron cod (Eleginus gracilis), and 
to a lesser extent walleye pollock (Theragra chalcogramma). Ringed 
seals have also consumed significantly more pacific herring (Clupea 
harangus), capelin (Mallotus villosus), pacific sand lance (Ammodytes 
hexapterus), and prickleback (Stichaeidae), including eelblenny (Lumpe-
nus spp.) in the 2000s than in the 1960s and 1970s (P < 0.01). In general, 
invertebrates were consumed less frequently in the 2000s (66%) than 
during the 1960s and 1970s (89%; P < 0.01). Too few data were available 
for analysis in the 1980s and 1990s. The decrease in general invertebrate 
consumption over time was likely due to decreases in crustacean and 
shrimp consumption.
Contaminants — Liver (n = 35) and kidney (n = 12) tissues from ringed 
seals collected during 2003 and 2007 were analysed for concentrations of 
potentially toxic elements such as arsenic, cadmium, mercury, and lead. 
Concentrations of these elements in ringed seals in Alaska were lower 
than for ringed seals in Canada, Greenland, and Russia. Within Alas-
ka, ringed seals had the second lowest concentrations of cadmium and 
mercury of the four species of ice seals in our studies (only spotted seals 
were lower) and lead levels were very low in all ringed seals analyzed. 
Blubber (n = 35) and liver (n = 26) tissues were analyzed for persistent 
organochlorine compounds and compared to bearded, spotted, and ribbon 
seals in Alaska, ringed seals had the lowest levels of total CHL (chlor-
danes), and the second lowest of HCH (hexachlorocyclohexane), DDT 
(dichlorodiphenyltrichloroethane), and PCB (polychlorinated biphenyls) 
in our studies. Ringed seals in our study also had lower levels of these 
compounds than ringed seals in Canada, Norway, and Russia.
Disease — Antibodies for Brucella, phocine herpesvirus, phocine and 
canine distemper, Leptospira, and Toxoplasma, were detected in ringed 
seals at levels below or similar to the past. Screening for toxic algae 
detected domoic and saxitoxin at very low levels in four and six of 34 
individual ringed seals, respectively.
Growth rates — We analysed growth rate using length at age data for 
1,610 seals ≥1 years old and 543 pups. Seals were identified as being 
longer or shorter than expected, given their age, and were then classified 
by birth year. For seals >1 year of age, individuals born after 1976 were 
larger than expected in 20 of 23 sample years. We fitted von Bertalanffy 
growth curves to age-at-length data. Seals harvested before and after 
1976 reached similar asymptotic (maximum) lengths; however, seals 
harvested after 1976 grew at a faster rate. For example, at age 1, seals 
born after 1976 were an average of 1.7 cm longer than seals born in 1976 
or earlier. This affect was greatest at 6 years of age, when seals born 
after 1976 were an average of 6.2 cm longer. By age 25, the affect had 
diminished to an average of only 2.8 cm. Growth rates for pups were 
lowest in 1961 and 2005. Pups were shorter than expected, given their 
date of harvest, in six of ten (60%) sample years between 1960 and 1979. 
In contrast, pups were shorter than expected in only three of nine (33%) 
sample years between 2000 and 2009. Too few data were available for 
analysis in the 1980s and 1990s.
Body condition — We examined patterns in sternum-blubber thickness 
using linear models to control for covariates, such as time of year, for 
147 pups, 215 subadults, and 189 adults collected between 1971 and 
2010. Pups had less blubber than expected in 1971 and 1976; since 
2002, blubber thickness of pups has been average. Adults and subadults 
also had less blubber than expected in 1971, but more than expected in 
1978. Since 2002, blubber thicknesses of adults and subadults have been 
average.
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harvested in the 1960s, 4,694 in the 1970s, and 727 in the 2000s. Too few 
data were available for analysis in the 1980s and 1990s. A much greater 
proportion of pups were identified in the 2000s (56%) than in the 1960s 
(14%; P <0.01) and 1970s (23%; P <0.01). On average, ringed seals 
harvested in the 1960s were older than those harvested in the 1970s, and 
seals harvested in the 1970s were older than those harvested in the 2000s.
Age at maturity and pregnancy rate — Sexual maturity was determined 
by examining reproductive tracts of 690 female ringed seals; 47 harvest-
ed between 1965 and 1975, 84 in 1976, 196 in 1977, 162 in 1978, 81 
between 1979 and 1984, and 120 between 1999 and 2010. The average 
age of maturity varied significantly in time. Average age of maturity was 
5.3 years of age between 1965 and 1975 and increased to 6.4 in 1976 and 
6.5 in 1977 (P <0.05). In 1978, the average age of maturity significantly 
decreased to 5.0 years of age (P <0.05). Age at maturity rose to 5.9 years 
from 1979 to 1984. Since 1999, however, the average age of maturity 
has been the lowest observed (3.2 yrs), and is significantly lower than all 
other years (P <0.05).
Female reproductive tracts were analyzed for percent pregnant at harvest. 
The decades with the lowest percentage was the 1960s (76.8%) and the 
1980s (76.2%). The 1970s had the highest percentage at 89.1% and the 
2000s were next highest at 79.5%. Too few data were available for  
analysis in the 1990s.
Conclusions
These data span five decades and include time periods well before chang-
es in sea ice or other factors attributed to global climate change were 
present. Our analyses show that ringed seals have been positively and 
negatively affected by past and current conditions. Currently, however, 
ringed seals are growing faster, have average blubber thickness, are 
maturing at the youngest age to date (indicating females are in a positive 
nutritional state allowing them to grow faster and become mature at an 
earlier age), and have the second highest pregnancy rate to date. Current 
environmental conditions have not had a negative effect on any of these 
factors.
In addition, there are more pups in the harvest now. Because age ratios 
are proportional, a higher proportion of pups in the sample may indicate 
that adult survival is decreasing or that reproduction is increasing. Based 
upon other information, however, it is most likely that reproduction has 
increased. For example, growth rate, age of maturation, pregnancy rate, 
and blubber thickness are average or better than expected, and hunter 
responses to questionnaires indicate that ringed seal numbers have not 
decreased. The high proportion of pups in the harvest also indicates that 
pups are surviving long enough to be harvested (i.e., pups survive to 
weaning). Levels of contaminants in ringed seals harvested in Alaska are 
lower than levels reported in Canada, Europe, and Russia, and the preva-
lence of diseases has remained stable.
The results from this long-term program demonstrate its ability to moni-
tor and detect changes in parameters that are useful for monitoring pop-
ulation status when estimating the population size has not been possible. 
Parameters that determine the status of the ringed seal population in the 
Bering, Chukchi, and Beaufort seas have been more favourable through-
out the 2000s compared to the 1960s and 1970s.
Western Canadian Arctic
Dr. Tom Smith, Eco Marine Corporation     
and Lois Harwood, Department of Fisheries and Oceans (DFO)
The ringed seal population of Canada’s Western Arctic has been inten-
sively followed by researchers since 1971. With the assistance of the 
seal harvesters from Ulukhaktok (Holman), Northwest Territories, we 
are presently continuing a harvest-based study of ringed seal reproduc-
tion and body condition in the context of changing sea ice conditions 
(1971-1978, 1992-2012,) (Smith 1987; Harwood et al. 2000; Harwood 
et al. 2012). The monitoring study has been funded annually for 21 years 
by the Fisheries Joint Management Committee (FJMC), and delivered 
cooperatively with the Olokhatomuit Hunters and Trappers Committee 
(harvesters, Alikamik), DFO (Harwood, Melling, contractor Kingsley) 
and EMC (Smith, Wright). Long-term funding, professional and harvester 
commitment, cooperation with harvesters and an extensive database 
which dates back to the 1970s are key elements to the success of this 
ongoing study.
The results reveal a temporal, statistically significant trend of decreasing 
mean annual body condition of adult and sub-adult ringed seals (using a 
length, mass, fat depth index) over the past two decades (see figure be-
low). A parallel result was that mean annual body condition of adults and 
subadults was negatively correlated with the timing of fast ice clearance 
in spring, most obvious during extreme ice years in all sex/age groupings, 
and statistically significant for subadults (Harwood et al. 2012).
A change in winter prey/diet is implicated by the temporal decline in 
condition because seals sampled in this study were shot just prior to, or 
just after, spring break up. We have added diet studies to our sampling 
regime (fatty acids, isotopes) in 2012, and also provide samples for con-
taminants, genetics and disease studies. There were no reports of hairloss/
lesions in the ringed seals sampled by our monitoring team (John Alika-
mik) in the 2011 and 2012 season, although one was found at a different 
location by a community hunter and sent to DFO for necropsy in 2011.
Over the last four decades (Fig. 1) there has also been at least two major 
declines in the reproductive output of the ringed seal (2005, 33.3% ovu-
Figure 1
Ringed seal body condition by year (top) 
and ovulation rate versus ice-clearance date 
(bottom) in Western Canadian Arctic.
9lation rate, and 1974, 42.9% ovulation rate) in east Amundsen Gulf, both 
associated with heavy ice years and late clearing of the fast ice in spring 
(see figure below). Adult females with failed ovulation were in signif-
icantly poorer body condition than adult females that ovulated (Smith 
1987; Harwood et al. 2012). The proportion of pups in the open-water 
harvest was highly variable among years (0-62%; mean 19.6%), but with 
early ice clearing years tending to have higher percent pups (e.g. 1998) 
and later ice clearing years (e.g. 1974, 2005) having lower percent pups. 
The strongest signals in our seal condition and reproduction data occurred 
when break up dates were 6 weeks earlier than the 40 yr average, and 
when break up was 4 weeks and 8 weeks later than the 40 yr average. 
In all cases, reproduction and body condition returned to normal levels 
within 1–2 years of the strongest signal-years in the data we examined.
Movements of immature ringed seals indicate a strong westward autumn 
migration along the North Slope of Alaska into the Chukchi, Bering and 
eastern Russian waters. Mature ringed seals caught in the prime breeding 
habitat of Prince Albert Sound remain in the Eastern Amundsen Gulf, or 
in the areas adjacent to Victoria Island and appear to return to the stable 
fast ice areas where they were originally caught. It would be important to 
obtain several years of information from both immature and adult seals to 
study their feeding strategies and fidelity to breeding habitat. 
The large open water home range of ringed seals, which also apparently 
have a strong fidelity to breeding in certain areas of stable fast ice, points 
to the importance of identifying their food species and the location and 
nature of the oceanographic features that concentrate these resources. 
Our long-term monitoring of condition and reproduction show that they 
are influenced by major changes in ice regimes, but we do not yet have 
a clear idea how this functions. The two decade declining trend in body 
condition might signal the beginning of long-term effects of changing 
marine productivity or availability of high quality food for ringed seals 
caused by global climate change.
While the seal population in this core habitat appears to have recovered 
from natural and extreme-year fluctuations over four decades in this and 
previous studies, the possible magnified effect of several consecutive 
extreme ice years, compounded by the simultaneous occurrence of the 
temporal decline in seal body condition, is of particular concern.
Central Canadian Arctic, Nunavut
Dr. Steven Ferguson,      
Department of Fisheries and Oceans, Canada
Ringed seals have been scientifically studied in the central Canadian 
Arctic since the 1950s. Research results that relate to an international cir-
cumpolar monitoring effort include abundance estimates, telemetry track-
ing studies, and various projects derived from using tissue collections 
from Inuit subsistence hunts. Fisheries and Oceans Canada is collating 
abundance estimates of ringed seals for the Canadian Arctic (planned for 
completion in April 2013). Survey methods have almost exclusively used 
aircraft transect surveys over sea ice during the spring haul out period 
when ringed seals moult. 
Archived tissue collections and associated records (e.g., morphomet-
rics and spatial/temporal information) are stored in freezers (-30oC) in 
Winnipeg at the Freshwater Institute and include assorted tissue samples 
collected back to the 1970s. However, more recent samples (since 2003) 
are the most complete and include annual information primarily from 
Hudson Bay communities. Efforts are ongoing to expand the communi-
ty-based monitoring program in Nunavut to include more communities, 
but monitoring funding is limited. Research has been ongoing to use the 
archived tissue collections for scientific purposes, including analyzing 
for information that can inform monitoring objectives (e.g., understand-
ing drivers of demographic and body condition changes over time). For 
example, reproductive tracts have been analyzed for female productivity 
Ringed seal with antenna, from its CTD SRDL instrument, showing. (See Norway text section). Photo: Kit M. Kovacs & Christian Lydersen, NPI
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(e.g., pregnancy and ovulation rates, ages of sexual maturity and first 
pregnancy), male sexual morphology (e.g., to determine likely mating 
system), disease (e.g., phocine distemper, brucellosis, parasites), contam-
inants (e.g., PCFS, POPs, Hg), food habits (stable isotopes, fatty acids, 
IP25, stomach contents), age structure, mortality estimates, genetics, and 
body growth. 
Use of satellite telemetry to track seal movements both vertically and 
horizontally has been ongoing since 2006 and have concentrated on Hud-
son Bay where the early signs of climate change are aggravated but more 
recently also include tracking studies in Foxe Basin, Cumberland Sound 
and Lancaster Sound.
Hudson Bay ringed seals research summary
The Hudson Bay marine environment is already showing effects of 
climate warming as reduced sea ice extent and stability (Ferguson et al. 
2010). Ringed seals, as land-fast ice breeding mammals, are expected 
to reflect sea ice changes in their reproduction, distribution, diet, and 
ultimately survival. Recent studies have shown the negative role of early 
sea ice break-up and decreasing snow depth on the condition and survival 
of ringed seals in western Hudson Bay. 
Results from samples collected during Inuit subsistence hunts from 2003 
to 2010 indicate that the ringed seal population is changing in age struc-
ture, body condition, and feeding ecology. Some of these changes appear 
to be closely linked to changing environmental conditions, particularly 
in response to increased temperatures and increases to the length of the 
open water season.  For example, the percentage of pups in the ringed 
seal harvest from Sanikiluaq has undergone a steady decline over the past 
four years. Similarly, trends in feeding ecology of seals in both Arviat 
and Sanikiluaq appear to be closely linked to ice breakup date, and could 
be indicative of large scale ecosystem shifts and changing food web dy-
namics occurring in Hudson Bay. Results provide evidence of a decrease 
in pup production in Sanikiluaq, decreased body condition in Arviat, ap-
parent changes in feeding ecology or food web structure, and widespread 
observations of sick seals in Hudson Bay. Overall, the Hudson Bay ringed 
seals represent a population decreasing in health and demographic vigor 
although the future is difficult to predict (Ferguson et al. 2012).
Despite great interannual variability, a study on distribution and abun-
dance of ringed seals in western Hudson Bay during the 1990s showed a 
declining trend first in the 1990s (Lunn et al. 2000) and then in the 2000s 
(Chambellant et al. 2012a). Moreover, Holst et al. (1999) and Stirling 
(2005) reported a very low percentage of young-of-the-year and a low 
pregnancy rate for ringed seals harvested from the same location relative 
to higher latitude areas in the Arctic. Holst et al. (1999) concluded that 
the ringed seal population in western Hudson Bay was experiencing 
demographic difficulties. Recent studies have also illustrated the negative 
role of early ice break-up (Harwood et al. 2000) and decreasing snow 
depth (Ferguson et al. 2005) on the condition and survival of ringed seals. 
More recently, Chambellant et al. (2012b) described a decadal shift in 
reproduction, feeding (Chambellant et al. 2013), and Young et al. (2010) 
indicate that the need to consider the competitive age-sex foraging among 
Hudson Bay seal species (ringed, bearded, and harbour seals).
The purpose of the community based monitoring programs are to (1) 
assess age structure, survival, feeding ecology, and body condition of 
Hudson Bay ringed seals; and (2) to examine the ringed seal population 
health (contaminants, disease) and population structure (genetics). The 
primary goal of this research is to understand ringed seal population dy-
namics relative to the environment so as to ensure population persistence 
in Hudson Bay with climate warming, and thereby maintain seal numbers 
required to provide food for polar bears, cultural and economic resource 
for Inuit, and a genetic reservoir for the circumpolar species in the Arctic.
Seal sampling
Each year, sample kits are sent to the Arviat and Sanikiluaq Hunters and 
Trappers Organization/Association. Local Inuit hunters in these commu-
nities were monetarily compensated for their time and effort in collecting 
samples from their subsistence harvest of ringed, bearded, harp, and 
harbour seals. Information recorded by the hunters included species, sex, 
date and time, hunter’s name, general location, GPS kill coordinates, and 
habitat type. Measurements that were taken included total length, axillary 
girth, hip girth, fat depth at sternum, fat depth at hips, total body weight, 
and sculp weight. Tissues collected by the hunters generally included 
lower jaw, muscle, blubber, liver, kidney, hair, whiskers, flipper with 
claws, blood, and reproductive tract. Samples were frozen and sent to 
Freshwater Institute, Fisheries and Oceans Canada in Winnipeg at the end 
of the season. Teeth were extracted from the lower jaw and canines were 
sent to Matson’s Lab (www.matsonslab.com) in Montana, USA for age 
determination. Morphometric measurements are important as indicators 
of seal health and can be used to determine the trends in seal body condi-
tion over time. 
Research Results
Food habit studies have used stomach contents, stable isotopes, fatty 
acids, contaminants as biomarkers of the food web (e.g., Ferreira et al. 
2011). Numerous other studies have been developed around the annual 
collection of ringed seals including reproduction (Yurkowski et al. 2011) 
foraging behaviour derived from analysis of whiskers (Seth Newsome, 
University of Wyoming), liver (Tom Brown, University of Plymouth), 
and fatty acids (Greg Theimann, York University). In addition, Derek 
Muir (Environment Canada) has been summarizing contaminant results 
for ringed seals harvested in Arviat as part of his Northern Contami-
nant Program project. Ole Nielsen (Fisheries and Oceans Canada) has 
continued viral disease analysis on seals from Hudson Bay with a recent 
interest in identifying the cause of significant mortalities. Gregg Tomy 
(Fisheries and Oceans Canada) have initiated a study of chronic stress in 
ringed seals. Stephen Petersen (Assiniboine Zoo) has continued genetic 
studies of the Hudson Bay ringed seals. Sebastian Luque (University of 
CTD SRDL tagged ringed seal ready for release. Photo: Kit M. Kovacs & 
Christian Lydersen, NPI
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Manitoba) has continued to capture, tag, and track the diving and move-
ment behaviour of ringed seals monitored with satellite transmitters in 
Sanikiluaq and Churchill. 
The results of the various analyses performed on seal tissues collected 
from Arviat and Sanikiluaq from 2007 to 2011 suggest that Hudson Bay 
seals, and the Hudson Bay marine ecosystem as a whole, are currently 
experiencing significant changes. The pattern of stable isotope ratios for 
muscle samples collected on a continuous basis over an 18 month period 
suggest seasonal differences in feeding ecology for ringed seals harvested 
from Sanikiluaq (Young and Ferguson 2013). Stable isotope evidence 
of these changes indicates that the marine environments and ecologi-
cal communities of eastern and western Hudson Bay are responding to 
environmental change in different ways. Differences between eastern and 
western Hudson Bay are also evident in age structure and morphometric 
measurements. The reasons for these differences require further inves-
tigation, but it may be related to factors such as inadequate snow depth 
and poor ice conditions which have been suspected in causing similar de-
clines in other areas (Chambellant et al. 2012a). The increased prevalence 
of disease may also be contributing to reductions in reproductive success. 
The differences between pups and adult age classes between the two 
communities may be an indication that eastern Hudson Bay, particularly 
the Belcher Islands, may be a historically important area for pup produc-
tion. As young ringed seals born in the Belcher Islands begin to mature, 
they may be dispersing to other areas of Hudson Bay. This scenario 
would explain the relatively high proportion of adult ringed seals harvest-
ed from Arviat, compared to the relatively low percentage of pups.
Eastern Canadian Arctic (Nunavik, northern  
Quebec) 
Jean-Francois Gosselin and Dr. Mike O. Hammill   
Department of Fisheries and Oceans, Canada
There has been limited research effort on ringed seals in Nunavik. Two 
surveys were conducted in the 1970s with limited coverage of James Bay 
and south-eastern Hudson Bay (Smith 1975, Breton-Provencher 1979). 
Recent efforts to obtain samples from subsistence hunting resulted in 
collections from only five seals. Systematic aerial line-transect surveys 
were conducted in spring 2011 in James Bay and in the spring of 2012 
in eastern Hudson Bay. Ice conditions in James Bay are more dynamic 
than in eastern Hudson Bay where fast ice extends between the shores of 
Nunavik and several islands including the large Belcher Islands. 
Dates of the surveys were planned according to advice from local hunt-
ers (Regional and local hunters associations, RNUK and LNUK), ice 
conditions described in 1970s surveys and the corresponding dates of ice 
break-up as described in Galbraith et al. (2011). Thirty-seven East-West 
lines 10 nautical miles apart covering all of James Bay and eastern Hud-
son Bay up to 30 km north of Kuujjuarapik were surveyed from 17 to 20 
May 2011. Although it was planned to extend further north, this survey 
was interrupted due to early ice break-up in eastern Hudson Bay. In 2012, 
32 east-west lines 10 nautical miles apart covered the eastern Hudson 
Bay, i.e. the Nunavik Marine Region waters from Chissassibi to Inukjuak 
with extensions offshore to include the Belcher Islands. 
The lines were covered from 5 to 11 May with a repetition of the 8 north-
ernmost lines on the 17 May. All lines were surveyed between 10:30 am 
and 18:30 pm – using two Cessna 337s flying at a target altitude of 152 m 
(500 feet) and target speed of 240 km/h (130 knots). Two observers in the 
rear seats recorded seal sightings, ice conditions, and weather conditions 
along with time synchronized with GPS locations that were recorded 
every 10 seconds. All sightings were recorded in bins starting from 65m 
to 113m away from the trackline and using subsequent cutpoints at 50, 
100, 150, 225, 300 and 400 meters marked on wing struts. Seal holes, 
kill sites and all other species were recorded. Ice conditions [ice cover-
age in tenths, ice type (landfast, solid, cracking, large floes, small floes), 
ice color (white, grey-white, grey, thin) and ice roughness (smooth or 
rough)], the presence of fog or rain and subjective visibiltiy (excellent, 
good, fair, reduced, nil) were recorded at the beginning of each transect 
and along the lines when changes were noticed. Outside air temperature, 
wind speed, wind direction and cloud cover were also recorded at the 
beginning of each line and when sighting conditions changed along the 
lines. 
Complete line transect survey analyses will be completed in November 
2012, but preliminary results show a total of 340 ringed seals counted 
over 4,922 km of lines surveyed in 2011, which assuming perfect detec-
tion over the 800 m strip width would provide a density of 0.09 seals per 
km2 and an abundance estimate of 7,900 ringed seals for the 91,406 km2 
area surveyed in James Bay and south-eastern Hudson Bay. In 2012, a 
total of 4,099 ringed seals were counted over 4,935 km of lines, which 
assuming complete detection on the 800 m strip width – would provide a 
density of 1.04 seals per km2 and an abundance estimate of 94,800 seals 
for the 91,307 km2 area surveyed in northern James Bay and eastern Hud-
son Bay.  These estimates should be considered as minimum; line-tran-
sect analyses should increase these estimates.
The only baseline information available regarding the abundance and 
density of ringed seal in Nunavik dates back to the 1970s. Smith (1975) 
using a strip survey, with half a mile on each side of the aircraft estimat-
ed an average density of 0.25 individual/km2 during a 12.5 hours flight 
that covered James Bay and southeast Hudson Bay on 26 and 27 May 
1974. He recorded the highest densities of 0.46 and 0.68 seals per km2 on 
lines that covered good stable ice of the eastern Hudson Bay that spread 
between the Belcher Islands and the Nunavik coast. Smith post-stratified 
by ice categories, and provided an abundance estimate of 61,000 ringed 
seals for James Bay (i.e. James Bay and southeast Hudson Bay). Bre-
ton-Provencher completed three series of surveys from 19-30 May 1978 
to evaluate abundance of ringed seals in an area of 10,000 km2, extending 
250 km along the coast and 40 km offshore in front of the Great Whale 
River flowing in eastern Hudson Bay. A strip survey with 800m on each 
side was used and the density estimates were 0.97 seal/km2 on 47 tran-
sects completed on 19 May, 1.05 seal/km2 on 43 transects on 20-24 May 
and 1.07 seal/km2 on 9 transects on 25–30 May. 
These estimates of densities are higher than the maximum densities esti-
mated by Smith (1975) of 0.68 seals per km2 on the line near the Belcher 
Islands and of 0.46 seals per km2 on a line extending from the Great 
Whale River to western James Bay but they are close to the average den-
sity of 1.04 seal per km2 estimated during the preliminary analyses of the 
2012 survey. Further analyses of the recent survey is required to evaluate 
these changes in densities as higher concentrations of seals are expected 
in coastal areas that were covered by Breton-Provencher (1979).
Climate change is a major concern; Galbraith et al (2011) showed that ice 
break up in Hudson Strait has been earlier by 5.6 days per decade since 
1971. They also showed an interannual variability of 5°C in the Hudson 
Bay average SST in August between extreme years and a good correla-
tion between these average SST with the percentage of open water from 
June to August (R2=0.80). Another concern is industrial development, 
which is expected to increase around Nunavik in coming years as mining, 
hydro-electric and infrastructure projects are to be supported by the 
provincial government of Quebec (Plan nord). Several projects may have 
an impact on local ice conditions and seal habitat as they may involve 
intense shipping (e.g. Hope Advances, near Aupaluk).
Currently a monitoring program is being developed for ringed in Nuna-
vik, which will include a yearly sampling program of the subsistence hunt 
and aerial surveys that could be conducted every 5 to 7 years. A satellite 
tracking program may also be developed after baseline information has 
been collected from sampling and surveys. Priority has been given to the 
eastern Hudson Bay area for which some baseline information exist and 
that present conditions that are more likely to represent preferred ringed 
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seal habitat. Any monitoring program in Canada must include significant 
Inuit involvement.
The sampling program of the subsistence hunt has been advertised and 
implemented in collaboration with the Nunavik Research Center  
(Makivik Corporation). The objective of sampling is to get baseline 
information on morphometrics, diet and reproductive status. Sampling 
protocols and kits have been distributed to hunters in the 14 communities 
around  Nunavik (using similar protocols and kits developed for  
belugas). Thus far no sampling has been performed. To promote the pro-
gram, a technician was sent to communities of Hudson Bay and Hudson 
Strait. He also participated in the hunt in Hudson Strait which provided 
samples from 5 seals (4 in Quaqtaq; 1 in Ivujivik).
Greenland
Dr. Aqqalu Rosing Asvid,      
Greenland Institute of Natural Resources
Ringed seals are included in the AMAP-program and thus contaminant 
levels are measured regularly. Data from this program are included in a 
number of studies; two with special focus on ringed seals in Greenland  
have been published recently. One presented temporal trend for a number 
of pollutants in the blubber of young ringed seals from east Greenland 
(Vorkamp et al. 2011). The other deals with mercury (Hg) in ringed seal 
teeth. This study (Aubail et al. 2010) found that Hg levels were higher 
on the east coast than on the west coast of Greenland, with an increasing 
trend in both areas over the period 1994-2006. Mercury concentrations 
decreased the first years of life of the animals (as the animal grow) 
suggesting that Hg had been transferred from the mother to the foetus and 
newborn (Aubail et al. 2010).
A study on ringed seal diet from coastal locations in Northeast Greenland 
and off shore locations in the Greenland Sea showed that the coastal 
seals had a diet with a diverse fish prey composition (both in spring and 
autumn samples), whereas the open water seals had eaten mostly  
crustaceans with Parathemisto libellula being most abundant (Labansen 
et al. 2011). 
Three ongoing studies have been started in Greenland since 2010.  
a) diet of ringed seals (and harp seals) in areas where these seals co-exist 
to assess the level of competition.     
b) a telemetry study – 14 ringed seals have been tagged in Melville Bay 
(some tags are still transmitting, October 2012).   
c) a telemetry study in Jacobshavn Icefjord (central west Greenland) 
and Sermilik (central east Greenland). This study will use ringed seals 
to measure the salinity and temperature in ice-fjords where it is very 
difficult to obtain such data by other means. Three tags will be put out in 
each fjord annually and the project might become a long-time monitoring 
program, which beside measuring changes in environmental conditions, 
also will provide data on ringed seal behaviour and distribution.
The ringed seals found along the  
Greenlandic coast are part of populations 
that cover vast areas, some of which 
are outside Greenland jurisdiction. The 
funding needed to monitor ringed seal 
trends in such large areas is not availa-
ble. A working group under NAMMCO 
concluded in 1998 that harvests in 
Canada, Greenland and Russia have been 
sustained for hundreds or even thousands 
of years with little evidence of depletion. 
They also concluded that the harvests 
of ringed seals in the Baffin Bay area 
were likely sustainable and that harvests 
in other areas of the North Atlantic 
(including east Greenland) presently pose 
no threat to the populations. There are no 
changes in the harvest that indicate that 
this status should be changed.
In pristine Arctic areas ringed seals and 
polar bears find an equilibrium and any 
ringed seal hunt in such areas is therefore 
likely to influence the polar bear popu-
lation and vice versa if the polar bears 
are hunted. The fact that sustainable high 
Polar bear kill at a ringed seal lair. Photo: Kit M. Kovacs & Christian  
Lydersen, NPI
Polar bear. Photo: Kit M. Kovacs & Christian Lydersen, NPI
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catches of ringed seals have been caught in Greenland for many decades 
is probably linked to the fact that polar bears also have been hunted and 
to some extent depleted in the same areas. Stronger restrictions on the 
polar bear hunt in recent years is likely to cause an increase in the polar 
bear numbers close to the Greenland coast and that is likely to decrease 
the number of ringed seals available for the hunters.
Climatic changes might also influence ringed seals directly and warming 
will likely influence polar bear access to ringed seal pups in a way that 
favours polar bears, at least initially. The strong increase in the West At-
lantic harp seal population in recent years might also influence the polar 
bear population and might also have led to increased competition for food 
between ringed seals and harp seals in some areas.
These factors indicate that ringed seals numbers near Greenland are 
expected to decline. Catches in West Greenland are, however, still at an 
unchanged, high level (harvest on Baffin Bay seals on the Canadian side 
has decreased), whereas they have decreased somewhat on the east coast 
in the past decade. 
Svalbard, Norway
Drs. Christian Lydersen and Kit M. Kovacs,    
Norwegian Polar Institute
Ringed seals in Svalbard have been the subject of research efforts in a 
wide variety of subject areas, intermittently since the early 1980s (e.g. 
Gjertz and Lydersen 1986a,b, Lydersen and Gjertz 1986, 1987). Many of 
the studies have documented various contaminant issues, but it is note-
worthy that Svalbard animals have been used as ‘low-burden’ controls for 
more polluted areas such as the Baltic Sea (Routti et al. 2010, Kanerva 
et al. 2012) and that recent toxicological projects have documented a 
50-90% decline in PCBs and chlorinated pesticides over the period from 
1996-2004 and a decline in PBDEs of approximately 80% from 1998-
2004 in Svalbard ringed seals (Wolkers et al. 2008a,b). Spring diet was 
studied in the early 1980s (Gjertz and Lydersen 1986b) and again 20 
years later. 
The most recent diet study documented that polar cod (Boreogadus saida) 
was the single most important prey species for ringed seals, although 
12 fish species occurred in the diet along with 20 invertebrate species 
(Labansen et al. 2007). Diets of age and sex classes suggested some 
separation of feeding niche or habitat, with adult females eating smaller 
polar cod than adult males and juveniles. A concomitant study of the 
heminth fauna in these same gastrointestinal tracts found that adult males 
had higher parasite burdens, presumably linked to the larger, older polar 
cod’s parasite burdens (Johansen et al. 2010). Additionally, Johansen 
et al (2010) found that there were geographical differences in helminth 
burdens linked to water masses, with higher worm burdens in warm water 
areas (Atlantic current influenced) compared to fjords in Svalbard  
dominated by cold arctic water masses. A study of the prevalence of 
Toxoplasma gondii in polar bears and their marine prey documented that 
close to 20% of ringed seals were serio-positive in 2008, compared to a 
zero prevalence a decade earlier (see Jensen et al. 2010). Other ‘health- 
related’ studies have been performed recently, including serum chemis-
try and haptoglobin values, in order to create base-line values for future 
assessments of the impacts of climate change (Krafft et al. 2006, Tryland 
et al. 2006).
Reproductive energetic studies were conducted in the 1990s, primarily in 
Kongsfjorden (Lydersen 1995, Lydersen and Kovacs 1999). Ringed seal 
lactation is the longest among the phocid seals; females provide intensive 
care for approximately six weeks (Hammill et al. 1991) and although 
pups are highly aquatic and mobile, stable ice and good snow cover for 
over a month is almost certainly a requirement for successful pup rearing 
(Lydersen et al. 1992, Lydersen and Hammill 1993a,b). The small pups 
can be taken by several predators, polar bears, foxes and even birds given 
insufficient snow for lair construction (Lydersen and Smith 1989). 
Population parameters have been studied in the 1980s (Lydersen and 
Gjertz 1987), and again in the early 2000s to see whether basic reproduc-
tive traits had changed (Krafft et al. 2006). Similar to several other areas 
in the Arctic, age at sexual maturity of females had dropped significantly 
over this period, suggesting less competition from adults on younger age 
classes, either because of declines in the numbers of the former group or 
increased levels of food availability due to other changes in the ecosys-
tem. During what turned out to be one of the last years with ‘normal’ 
sea ice cover in Svalbard, the distribution of sex and age groups in the 
fast-ice breeding habitat of Kongsfjorden was explored (Krafft et al. 
2007). Older males were affiliated with higher concentrations of adult 
females, although the length, mass, condition and testosterone levels of 
males in high and low female density areas did not differ, suggestion that 
experience (age) plays a strong role in achieving reproductive success for 
male ringed seals.
Population status was assessed via dog surveys (Lydersen et al. 1990, 
Lydersen and Ryg 1991) within breeding areas in individual west-coast 
fjords in the late 1980s. Prime pupping habitat contained 2.9 pups per 
km2, while other fjord ice areas had on average 0.98 per km2, with an 
estimate of some 19,500 pups born annually in Svalbard (Smith and  
Lydersen 1001). Large scale aerial surveys were flown in 2002 and 2003 
(Krafft et al. 2006), with correction factors being constructed from a 
detailed behavioural study that employed VHF tracking (Carlens et al. 
2006). West and North coast fjords contained an estimated 7,642  
(6,440-9,069) animals, but this is known to be an underestimate because  
a significant proportion of marked animals had emigrated out of  
Kongsfjorden before peak numbers were reached during the moulting 
period. But, the number produced can serve as a useful index. These  
aerial assessments were planned as a baseline for future population  
monitoring (at 5-year intervals), but ice conditions since 2006 have been 
so poor that moulting has taken place for most animals in the water, 
removing any possibility of performing traditional survey efforts based 
on animals hauled out on the ice during moulting.
Hunting statistics have been collected by the Governor of Svalbard since 
2004, but these numbers are incomplete. Fewer than 100 ringed seals are 
registered in the annual, local hunt. Analyses of hunter-collected samples 
will commence with the 2012 hunt (some 45 samples have been regis-
tered). 
Greenland sharks diets in Kongsfjorden were studied in order to assess 
whether this potential predator might have impacts on local pinniped 
populations. One third of the collected sharks had seal tissues in their 
stomachs, with the dominant seal species being ringed seals (Leclerc et 
al. 2012). 
Foxes are ringed seal predators too. Photo: Kit M. Kovacs & Christian 
Lydersen, NPI
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Other recent ringed seal studies in Svalbard have focussed on at-sea 
distribution and habitat use in relation to sea ice availability (Freitas et al. 
2008a,b,c). Ringed seals displayed bimodal space use patterns with some 
animals travelling offshore to the southern edge of the northern pack 
ice while other animals remained close to the coast and associated with 
glacier fronts. The habitat itself was also the subject of study via sensors 
carried by the seals (see Lydersen et al. 2004). Sea ice has continued to 
decline markedly within the archipelago in recent years, with no sea ice 
formation at all taking place in most of Svalbard’s fjords in the winter 
of 2011 and spring of 2012. Instrumented animals are currently being 
tracked via ARGOs and GPS systems to document their responses to 
these unique conditions, which are likely precursors of what ringed seals 
will experience elsewhere in the decades to come. These distribution and 
habitat studies are on-going.
Ringed seal numbers are certainly in decline in Svalbard (and in several 
other arctic regions) due to sea ice deterioration resulting from global 
warming. But traditional survey methods employing aircraft to count 
hauled out seals on ice during the moult are no longer feasible for assess-
ment, nor are on-ice surveys during breeding to calculate pup production. 
It is clear that normal levels of reproduction have not taken place in 
west-coast fjords in Svalbard since 2005 based solely on ice conditions, 
but the extent of the population decline and whether relocations has taken 
place to some extent are unknown (Kovacs et al. 2011). The future of this 
species will depend on the availability of sea ice refugia areas and per-
haps as yet undiscovered behavioural plasticity (Gilg et al. 2012, Kovacs 
et al. 2012). 
Update on a new disease syndrome in ice seals 
and Pacific walrus in the Arctic
Dr. Raphaela Stimmelmayr,     
North Slope Borough Department of Wildlife Management
Since 2011 (summer/fall) a ‘new’ ulcerative dermatitis disease syndrome 
of unknown etiology has been observed in ice seals (ringed, bearded, 
spotted, ribbon) and Pacific walrus in Northern Alaska. Since last July, 
nearly 300 seals have been reported in Alaska. Additional cases have 
been reported from Chukotka (RU) (ice seals and walrus) and NWT (CA) 
(ice seals). The disease is characterized by a variety of skin associated 
lesions (ulcers/erosion) with body-site specific distribution (eyes; snout; 
hind flippers; tail, trunk) for ice seals and a more generalized distribu-
tion for Pacific walrus (Fig. 2). All age classes have been affected in ice 
Lair roof-melt shows the thin snow cover in recent years in Svalbard, 
in the few areas that have sea ice cover at all  . Photo: Kit M. Kovacs & 
Christian Lydersen, NPI
Less arctic ice has already reduced ringed seal breeding habitat inSvalbard. Photo: Kit M. Kovacs & Christian Lydersen, NPI
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seals. For Pacific walrus subadults and calves appear primarily affected. 
Affected ice seals displayed uncommon behaviours such as unusual 
approachability, lethargy, and increased tendency for hauling out on land. 
In some animals respiratory signs are prominent. Gross pathological and 
histopathological findings indicate significant pathologic involvement of 
lung, liver, the immune system, and the skin associated vascular bed.
There is some mortality associated with the disease syndrome, however 
at this time we do not have enough epidemiological data to assess disease 
burden and develop reliable baseline estimates for ulcerative dermati-
tis disease syndrome associated mortalities among ice seal and Pacific 
walrus populations. Ice seals and Pacific walrus are key species within 
the Arctic Ecosystem and an essential marine subsistence resource for 
Native communities throughout the Arctic. Thus food safety and food 
security aspects are integral components of this emerging Arctic marine 
mammal disease event. A large scale trans-boundary interdisciplinary 
disease investigative team joining Native hunters from Alaska, Chuktoka, 
Northwest Territories (NWT) and scientists (USA and international) has 
been assembled. As of yet no specific cause has been identified, although 
numerous bacteria and viruses known to affect marine mammals have 
been ruled out. Advanced testing techniques (i.e. deep sequencing 4-5-4) 
for unidentified infectious agents is continuing as well as further testing 
for potential other causes including man-made and biotoxins, radia-
tion (Fukushima nuclear accident and or legacy nuclear  Arctic Ocean 
dumps), contaminants, auto-immune diseases, nutritional, hormonal and 
environmental factors. Analysis of Alaskan Native hunter observations 
(2011–2012) on harvested and live seals clearly indicates that clini-
cal presentation between ice seal species is distinct with ringed seals 
displaying a more classic syndrome (sores, approachability, hair loss, 
delayed incomplete molt) while in bearded seal and spotted seals clinical 
presentation is more likely characterized by varying degrees of hair loss, 
incomplete moult while skin sores/approachability are less common. 
Preliminary results (spring 2012) from Alaskan Native hunter based 
observations and new necropsy case material indicate that cases observed 
during 2012 mostly represent survivors aka old. The majority of hunter 
reported sightings involved adult/sub adult bearded seals with patchy to 
generalized hair loss (black skin) and some with few sores on the body, 
flipper, snout and approachability in a few. The description of the skin 
sores (shallow sores described as red gelatinous warts like) was different 
from what was observed last year. Since no carcasses were submitted for 
these reported cases we do not know if it is the same disease or some-
thing else. Trans-boundary inquiry with hunters and biologists confirm 
that no new or old cases have been reported from Canada (NWT), Russia 
(Chukotka), and Japan (northern). 
The ongoing disease investigation is a process of elimination of factors 
that are thought to be possible underlying causes for the disease.  
Causes considered include viruses, bacteria, algae toxins, and contami-
nants, changes in nutrition, endocrine changes, and general Arctic envi-
ronmental changes such as sea ice depletion, ocean temperature, salinity 
and ocean acidification that could contribute as well. 
At a recent meeting with the Working Group on Marine Mammal unusual 
Mortality event (WGMMUME San Diego August 13-17, 2012) we had 
an expert consultation process with the members (biologists; veterinari-
ans, laboratory scientists) and all of the available laboratory results and 
necropsy findings were discussed and evaluated. Our current conclusions 
are as follows. As of yet we have no evidence that common marine mam-
mal viruses (for example seal pox, herpes virus, calici virus etc.) known  
to cause skin diseases in pinnipeds are involved in the disease. We also 
Figure 2
Ringed seals from Alaska showing lesions and hair loss  . Photos: Raphaela Stimmelmayr
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have ruled out that Avian influenza virus is present in sick ice seals. How-
ever, as the Arctic environment is changing rapidly we need to continue 
to explore the possibility that ‘new’ animal viruses could be involved.  
Advanced laboratory testing (i.e. 4-5-4 deep sequencing) is ongoing and 
three viruses previously not thought to be present in pinnipeds have been 
identified in some of the sick seals (Firth unpubl. data). We are currently 
testing healthy ice seals from 2011 to see if the discovered viruses are 
present only in sick seals or are present as well in healthy seals, which 
would suggest that they most likely do not play a role. Analysis is still 
pending. 
Many different bacteria have been detected in the sick seals but no single 
bacterium or assemblies of bacteria have emerged consistently as being 
likely primary responsible candidate (s). Algae toxin testing for domoic 
acid and saxotoxin, two important algae toxins known to affect seals 
in the Pacific Ocean, have been at very low levels or below detection 
level and thus are an unlikely candidate. However, we are currently also 
preparing to investigate whether cyanotoxins (toxins such as microcystins 
and nodularin from green blue algae blooms) ‘newly’ detected in the  
Kotzebue Sound during fall 2011, could have played a role. Testing   
of seal tissues for contaminants, man-made or naturally occurring  
substances that are known to negatively affect people’s and animal  
health, are near completion and results on levels of organic chemicals  
and radionuclides (cesium 134/137 from the Fukushima nuclear  
accident) are currently being reviewed. 
Other ongoing tissue and serum testing include levels of thyroid and 
cortisol (stress hormone) analysis and vitamins (A, B, E). Both hormones 
and these vitamins are important regulators in the seasonal moulting 
process of ice seals and in maintaining normal skin barrier function. Re-
garding environmental changes we are working with many Arctic Ocean 
oceanographers to compile data on oceanography, ice seal and walrus 
food resources from 2011 and 2012 for the affected regions to compare 
it with previous years. Preliminary review of available data does suggest 
that 2011 was more or less typical of the ‘new’ arctic normal, with con-
tinued retreating sea ice, warmer ocean waters, ice algae blooms, jellyfish 
abundance, and more unpredictable weather patterns.
Figure 3
Pacific walrus skin lesions. Photos: Raphaela Stimmelmayr
Based on the overall positive spring seal harvest 
reporting which mostly indicated healthy and 
normal seals and the generally low numbers 
of observed stranding events during our NSB 
beach surveys, as well as aerial survey results 
by USCG, ADF&G, the disease event may have 
come to an end as we have no evidence that new 
cases were observed. However, to make a final 
conclusion we need to monitor throughout the 
upcoming 2012 fall harvest season. Hunters and 
community members need to remain vigilant and 
continue to report ‘sick’ or abnormal seal and 
walrus sightings. Submitting hunter concern car-
casses to the North Slope Borough Department of 
Wildlife management or our partners will help us 
to determine if the disease has run its course.
In conclusion, with respect to ringed seal health, 
Arctic marine food webs are under immense 
pressure from a variety of factors including 
global pollution, gas-oil exploration and produc-
tion, commercial fisheries, and climate change. 
Complex spatial-temporal shifts in ecological 
and subsequently epidemiological constraints 
are ongoing, that suggest that the arctic marine 
ecosystem is undergoing changes as a whole. It 
is to be expected that this trend will continue in light of the current and 
future Arctic climatic changes and the continued and increasing presence 
of anthropogenic influences in the Arctic. With a changing Arctic ecosys-
tem, the ecology of disease agents (bacterial, viral, fungi, parasitic, algae 
(biotoxins)) as part of the ecosystem will also be affected. Altered disease 
dynamics, trends and new hosts are likely results. Expansion of infectious 
disease investigations and wildlife health biomedical baseline studies, 
concurrent to already established ecological/biological research, and sub-
sistence foods contaminant-monitoring programs are therefore needed.
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Prioritised list of parameters for   
circumpolar ringed seal monitoring
The CAFF ringed seal network’s prioritized list of parameters is listed 
below. Bold text indicates essential data/collections across all areas, while 
all listed items are desirable from as many areas as possible.  
Primary Level (essential sampling)
1. Harvest/Scientific sampling
Seasonally specific sampling – breeding areas (stable fast-ice) & early 
fall – mixed sample (broken ice, water)   
       
Actual sampling: sample sizes for regional programmes 50–100
Descriptive information
 Site (GPS)       
 Date        
 Sex        
 Hunter       
 Environmental conditions – ice, open water etc.
Diseased seals – collect whole individual when possible
Standard measurements – total mass, total length, axillary girth, 
blubber depth (sternal, dorsal)  If possible – sculp mass  
 
Tissue collections       
 Reproductive tracts:      
 Testes        
 Ovaries & uterus      
 Lower jaw (canines)      
 Frozen samples – “snickers sized” pieces of:    
 Blubber (skin, blubber and muscle)     
 Liver        
 Muscle       
 Gall bladder (amber vial)      
 Jaw/teeth for aging      
          
Blood – whole, serum, plasma, blood smears, filter strips   
    Lungs & heart       
    Right front flipper      
 One side of the facial whisker mask     
 Stomach and intestines      
         
Diet (samples above)      
 Classical GIT       
 FA (prey library.....)      
 Stable isotopes       
 Health       
 Parasites (GIT)       
 Lung & heart parasites      
 Blood – serum & plasma      
 Bile acid       
          
Additional sampling required for complete health assessment –   
 intermittent intensive sampling in our broader monitoring   
 programmes.       
         
Genetics        
 stock ID(s)- site fidelity      
 metapopulation structure      
 genome-toxicity      
 
2. Abundance 
Instrument based – thermal & digital photo strips
Modest, regular effort – regional based, including newly exposed   
habitat areas (old multiyear ice regions)     
Pack-ice seals (e.g. Baffin Bay, Barents Sea. Biological knowledge of  
pack-ice ringed seals lacking – lactation duration, genetic isolation/  
relation to near-by coastal stocks, morphological differences?)
Genetic mark recapture – index
Photo ID
3. Distribution
Tracking       
Flipper spot tags (haul-out data for abundance)
Conventional tracking
4. Habitat      
Physical habitat monitoring (sea ice & snow)    
 Recording standardized measures of snow depth, snow accumulation  
 & ice-ridging in ringed seal breeding habitat    
 Remote sensing with regard to ringed seal-specific issues   
  Freeze-up times      
  Melt dates?
5. Hunt statistics
Hunting documentation (levels) – historical trends (& influence on  
current trends)
Secondary Level (desirable sampling)
Contaminants       
 AMAP standard ‘package’      
Important explanatory variables     
 Predator abundance – foxes, bears, people    
 Polar bear shifts in distribution     
 TEK        
 Global sea ice extent, volume
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Appendix I
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of the United States of America – Ringed Seal Workshop, 
Valencia 2008
Background Document for Development of 
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I. Ecology of the species
A. Brief review of biology and natural history
1. Basic biology 
Ringed seals are in many respects the ‘classic’ arctic ice-seal. This spe-
cies uses ice exclusively as its breeding, molting, and resting (haul-out) 
habitat, rarely if ever coming onto land. Their unique ability to create 
and maintain breathing holes in sea ice using the well-developed claws 
on their fore-flippers allows them to thrive in areas where even other 
ice-associated seals cannot reside (Fig. 1). Although ringed seals are quite 
small they deal with the thermal challenges posed by the arctic winter 
by having a very thick blubber layer, and by building lairs (small caves) 
in the snow on top of sea ice during the winter, that are particularly 
important for neonatal survival (Fig. 2). Each seal builds several lairs so 
that they can escape if a predator attacks one of their structures; ringed 
seals have co-evolved with their principle predator, the polar bear (Ursus 
maritimus) over the last tens of thousands of years. 
Ringed seals are a phocid seal (Family Phocidae, Subfamily Phocinae) 
that is in the Tribe Phocini. They are alternatively classified in the genus 
Phoca or the genus Pusa (see Rice 1998), with recent genetic evidence 
leaning towards the former classification (see Davis et al. 2004). Based 
on distribution and morphometry, the species has been divided into sev-
eral subspecies. P. h. hispida inhabits all of the circumpolar Arctic Ocean 
(Frost and Lowry 1981) and is the subspecies that will be the primary 
focus of this brief review. No intensive research related to stock or popu-
lation identity has been conducted within the huge distributional area for 
this sub-species, but it is assumed that such units might well exist.
Ringed seals are usually silver-grey in color. Their bellies are light, while 
their backs are darker and bear a conspicuous pattern of small rings that 
gives them their common name, though some individuals can be quite 
brown-black and have few discernable rings. There is little sexual dimor-
phism within the sub-species P. h. hispida, and adult animals normally 
reach lengths between 1.1-1.6 m and weights of 50-100 kg (Smith 1987, 
McLaren 1993) with averages being around 130 cm and 66 kg. Like all of 
the northern seals, their body mass varies markedly on a seasonal basis. 
Ringed seals are fattest in the autumn and thinnest in the late spring/early 
summer following the breeding period and the annual molt. Breeding 
males are easily discernable in the spring because of an oily secretion 
from glands in the facial region, which causes their faces to appear much 
darker than those of females or juvenile seals (Hardy et al. 1991, Ryg et 
al. 1992). At other times of the year the sexes are difficult to distinguish. 
At birth pups are about 60 cm in length and weigh about 4.5 kg. They 
have a white fuzzy lanugo coat that is shed when they are about two 
months old. Their juvenile fur is silver on the belly and dark grey on the 
back – animals with this coat are called silver-jars. They acquire rings on 
their pelage gradually with age. Ringed seals are long lived, with a life 
span of up to 45 years of age (Lydersen and Gjertz 1987), although 25-30 
is probably a more normal longevity (e.g. Lydersen and Gjertz 1987, 
Krafft et al. 2006a).
2. General distribution and abundance patterns of arctic 
ringed seals
Ringed seals (P. h. hispida) inhabit the Arctic Ocean and adjacent waters 
such as the Bering Sea, Sea of Okhotsk, Barents Sea, White Sea, and 
Kara Sea and extend into some lake and river systems in Northern Can-
ada (see Heide-Jørgensen and Lydersen 1989). Extralimital records for 
ringed seals extend south on both sides of the Atlantic, to Sable Island in 
the west and Portugal in the east (Bree 1996, Lucas and McAlpine 2002) 
and Bree (1997) suggests that this species’ occurrence is sufficiently 
frequent on the European coast that it should be considered a regular vis-
itor. Ringed seals are the most abundant high arctic seal and although no 
accurate global estimate is available, the species is thought to number at 
least a few million animals (Reeves 1998). Ringed seals occur through-
out the Arctic, north to the pole. They are the only northern seal that can 
maintain breathing holes in thick sea ice and this special ability allows 
them to have an extensive distribution in the Arctic and sub-Arctic. 
Ringed seals occupy fast-ice areas in the late fall/early winter in  
preparation for early spring breeding (Smith and Stirling 1975, 1978, 
Smith and Hammill 1981, Smith and Lydersen 1991). Their principal 
pupping habitat is land-fast ice (McLaren 1958, Lukin and Potelov 1978). 
But, they are also known to breed in at least three regions on free-floating 
pack ice, in the Okhotsk Sea, the Barents Sea and Davis Strait (Fedoseev 
and Yablokov 1964, Fedoseev 1975, Finley et al.1983, Wiig et al. 1999).  
During the fast-ice season ringed seals show preferences for areas with 
stable ice, over medium-depths (10-35 m) of water (e.g. Smith and 
Lydersen 1991, Lunn et al. 1997, Moulton et al. 2002, 2005, Simpkins et 
al. 2003). Significant snow cover is required for lair construction; these 
structures are usually constructed in snow drifts that form downwind of 
ice ridging or behind glacier ice pieces frozen into annual ice (Lydersen 
and Gjertz 1986, Smith 1987, Hammill and Smith 1989, Furgal et al. 
1996). Prime habitat is occupied by breeding adults, while reproductively 
inactive animals including immature individuals are usually found in 
peripheral areas (Stirling et al. 1981, Krafft et al. 2007).
In the summer and fall, when land-fast ice is not available, ringed seals 
show considerable diversity in their distribution patterns. Some ani-
mals remain in the general vicinity of their breeding sites while others 
disperse along coastlines where ice from glaciers is available. Some 
spend time pelagically, and yet others move north to the southern edge 
of the permanent ice (Heide-Jørgensen et al. 1992, Teilmann et al. 1999, 
Gjertz et al. 2000, Born et al. 2002, Freitas et al. 2008, also see –  
Figure 1
Breathing holes of ringed seals a) a haul-out hole currently being used 
only for breathing (total hole diameter ~60 cm) b) a ringed seal breath-
ing hole (approximately 10 cm in length) along a natural crack in the 
land-fast ice. Photo: Kit M. Kovacs & Christian Lydersen, NPI
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movement patterns below). During the summer and early fall ringed seals 
seem to maintain their preference for annual ice (as opposed to multiyear 
ice), and are usually found at highest densities over shallow-mid-depths 
(100-200 m) of water (Smith and Hammill 1980a,b, Stirling et al. 1982, 
Kingsley et al. 1985). Despite the variable patterns of space use, ringed 
seals consistently are more mobile and have larger ‘home ranges’ during 
the open water season (e.g. Born et al. 2004; see below for more details 
in Section 4 - Movements). In a detailed study of space use during the 
post-molting period, ringed seals on the east coast of Svalbard showed 
two distinct distribution patterns during the open-water season, that were 
independent of sex and maturity status of the seals (Freitas et al. 2008). 
Approximately half of the individuals moved northward to offshore 
areas containing 40-80% ice coverage (maximum preference), while 
others spread along the coasts of Svalbard, concentrating their time near 
glacier fronts. Both strategies lead ringed seals to highly productive areas 
where they had access to ice-platforms for resting. When offshore, sea 
ice concentration and season (time in the year) were the variables that 
influenced habitat selection most markedly. Late in the autumn, increased 
probabilities of leaving an area were identified for the offshore seals, 
even when ice conditions were still favorable, which reflects their need to 
return to over-wintering/breeding areas before the fjords of the archipel-
ago become frozen. The seals that traveled offshore returned to the coast 
of Svalbard during August-November. For ringed seals that remained 
inshore, habitat selection was influenced mainly by distance to glacier 
fronts and season. These animals were already close to their  
overwintering habitat and hence their probabilities of leaving a given  
area decreased significantly as winter approached.
Abundance of ringed seals has been estimated using a variety of methods 
including aerial surveys of various types, surveys of holes and lairs using 
trained dogs, remote sensing of ice conditions, ship-based surveys, infer-
ences from the size of resident polar bear populations, as well as extrapo-
lations from pup production estimates (e.g. Mansfield 1970, Digby 1984, 
Kingsley et al. 1990, Smith and Lydersen 1991, Stirling and Øritsland 
1995, Lunn et al. 1997). However, the method of choice in recent years 
for relatively large areas is clearly aerial surveys (Moulton et al. 2002, 
2005, Frost et al. 2004, Bengtson et al. 2005, Krafft et al. 2006b). 
Surveys must be timed to coincide with peak haul-out season which 
occurs just prior to the ice break-up (that for most regions occurs in the 
first week of June), and ideally flying should be done around mid-day in 
clear, relatively warm, calm weather (see Burns and Harbo 1972, Smith 
and Hammill 1981, Born et al. 2002, Carlens et al. 2006). However, 
correction factors are still required to account for the number of animals 
that are not visible to be counted at the time of the survey because they 
are either in the water, or in some cases still in their snow lairs. A variety 
of methods have been employed to attempt to take counts to population 
estimates; these are reviewed in Reeves (1998). More recently Bengtson 
et al. (2005) and Krafft et al. (2006b) have performed flying surveys with 
correction factors modeled upon data from haul-out behavior of ringed 
seals under different environmental conditions, times, etc. However, it 
is clear from intensive, hourly counts performed simultaneously with 
VHF studies done in compliment to flying surveys that calibration issues 
remain (Carlens et al. 2006, Krafft et al. 2006a), and that most if not all 
abundance surveys to date should probably be considered indexes of 
abundance. Use of digital photographic methods during surveys flown at 
quite high altitudes reduces many sources of error inherent in visual sur-
veys and, given that it is quite cost-effective, it is likely to be the method 
of choice in the future for ringed seal surveys (see Heide-Jørgensen 2004, 
Krafft et al. 2006b).
Average densities of ringed seals hauled out on the ice during surveys are 
quite variable, even within areas known to be good ringed seal habitat 
where aggregations are known to occur (e.g. Stirling et al. 1977, Lunn et 
al. 1997, also see Reeves 1998 for a review), but generally averages with-
in individual studies of “good” ringed seal areas fall between 1-2 seals 
km-2 (Eastern Baffin Island, 1.7 seals per km-2, Finley et al. (1983); Kong 
Oscars Fjord Greenland, 1.0 seals per km-2 Born et al. (1998); Scoresby 
Sund, 2.0 seals per km-2 Born et al. (1998); 1.62 /- 1.91 seals km-2, in the 
eastern Chukchi Sea, Bengtson et al. 2005; Svalbard fjords, 1.4 seals km-
2, Krafft et al. 2006b). Late summer surveys in the southeastern Beaufort 
Sea where aggregations of ringed seals were known to occur produced 
densities of  0.08 – 0.42 overall with 1.21-3.26 seals km-2 within the 
immediate areas of aggregations (Harwood and Stirling 1992).
Lair surveys have also been used to produce crude estimates of the 
numbers of ringed seals occupying areas, or to produce pup production 
estimates (number of birthing lairs), that are then extrapolated to popu-
lation sizes. For these sorts of surveys trained dogs are often used to find 
the sites of lairs and it is assumed that each seal has several lairs (e.g. 
Smith and Stirling 1975, 1978, Lydersen et al. 1990, Lydersen and Ryg 
1991). This method is labor intensive, but it is the only direct means to 
determine pup productivity given that pups are not readily visible for oth-
er types of surveying (see reproduction below). Vocalization rates have 
been explored as a means of assessing the suitability of pupping habitats, 
but results have been ambiguous (Calvert and Stirling 1985). Production 
can of course be crudely estimated with a time-lag from back-calculating 
production from age-structure if age-specific mortality and overall abun-
dance are known with some precision. 
3. Reproductive biology 
The preferred breeding habitat of ringed seals is stable land-fast ice, 
where ringed seal densities are usually higher inshore than offshore prior 
to and during peak breeding (e.g. Smith and Stirling 1975, Lydersen and 
Gjertz 1986, see above for exceptions).  Ringed seals of both sexes build 
subnivean lairs (Fig. 2) excavated out of snow drifts that occasionally 
form on top of breathing holes in the ice; seals use these lairs to haul 
out and rest during the inclement winter months (e.g. Smith and Stirling 
1975, 1978), and females give birth in these small snow caves in the early 
spring (March/April).
Individual lairs are often part of a complex of lairs and breathing holes 
used by the same animal in an area; the distance between lairs or breath-
ing holes with a complex can be up to several hundred meters (Smith 
and Hammill 1981, Lydersen and Gjertz 1986, Kelly and Quakenbush 
1990). The sizes of the areas females occupy are probably determined 
to some degree by the availability of structures in the ice around which 
snow accumulates for lair construction, and by the density of available 
prey organisms in the area (Smith et al. 1991, Smith and Lydersen 1991, 
Lydersen 1995). Lairs provide protection from harsh environmental 
conditions and predation (Smith 1976, 1980, Smith and Stirling 1975, 
Lydersen and Gjertz 1986, Lydersen and Smith 1989, Smith et al. 1991, 
Furgal et al. 1996). A female will move a young pup between lairs within 
her complex if one lair is attacked by polar bears (Ursus maritimus) or 
arctic foxes (Alopex lagopus); older pups are able to shift between struc-
tures independently (Lydersen and Hammill 1993a). 
Figure 2
Ringed seal pupping lair, with the pup in the lair and the female   
approaching the haul-out hole from the water (From Gjertz and 
Lydersen 1983). Pups excavate the side tunnels.
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Breeding males also use several lairs, spread 
through an area that contains the lairs of several 
females (Kelly and Quakenbush 1990). This 
fact in addition to sex ratios and general spatial 
patterns of adult males and females observed 
in prime breeding areas, and wounds seen on 
males in the spring suggests at least a low level 
of polygyny in this species with territorial 
fighting among males (Stirling 1983, Smith 
and Hammill 1981, Krafft et al. 2007). During 
the breeding period, adult ringed seal males 
secrete a very strong-smelling oily substance 
produced by facial sebaceous glands (Ryg et al. 
1992). The function of this “tiggak” secretion 
is thought to be related to marking of territo-
ries (Ognev 1962, Capskii 1940Smith 1987), 
and the most logical places to mark would be 
the breathing holes or lairs, since the seals are 
unlikely to be able to smell under water where 
mating is thought to occur. Based on direct 
observations of haul-out behavior of a few 
recognizable individual ringed seals, Smith and 
Hammill (1981) suggested that breeding units 
were made up of several adult females that 
occupied an area defended by a territorial male. 
Sex ratios, spacing patterns and movements of 
individuals under the ice all support the concept 
that male ringed seals (at least) are territorial 
(Hammill and Smith 1991, Kelly and Quak-
enbush 1990, Kelly and Wartzok 1996). A detailed study of the spatial 
relationships among adults during the breeding period also supports this 
suggestion and found that adult males with the most adult female neigh-
bors were not necessarily the largest individuals, but were significantly 
older than those with few female neighbors (Krafft et al. 2007). This 
suggests that experience plays a role in achieving reproductive success 
for male ringed seals.
Ringed seal neonates weigh 4-5 kg (Lydersen et al. 1992) when they are 
born; at this time they bear a white lanugo coat that insulates well enough 
to keep the pups thermoneutral without the shelter of the lair as long as 
the lanugo stays dry (Smith et al. 1991). However, wet pups require the 
shelter of lairs in order to regain thermoneutrality (Smith et al. 1991). 
In addition, pups born on the surface of the ice in years with poor snow 
conditions suffer very high mortality rates (Lydersen and Smith 1989). 
Thus, both the physical and thermal protection provided by these lairs is 
particularly important for the survival of young pups. Ringed seals have 
the longest nursing period of the ice-breeding northern phocids with an 
average lactation duration of 39 days (Hammill et al. 1991). The pups are 
able to swim and dive shortly after birth and they develop foraging skills 
prior to weaning (Lydersen and Hammill 1993a). During the nursing 
period pups gain around 375 g per day (Lydersen et al. 1992). Weaning 
is less abrupt than for most phocid pups, which are abandoned by their 
mothers before they have entered the water for the first time (Bowen 
1991, Lydersen and Kovacs 1999). Many of the larger phocid species are 
so-called ‘capital breeders’, which means that they cover the energetic 
costs of lactation entirely from stored energy reserves. This is not the case 
for ringed seals, which rely heavily on energy obtained from foraging 
during lactation (Lydersen and Hammill 1993b, Lydersen 1995, Lydersen 
and Kovacs 1999). Pups are weaned when they weigh approximately 20 
kg and although this is quite small for an arctic mammal, they are already 
quite capable swimmers and divers (Lydersen and Kovacs 1999). 
Information on growth and reproduction has been collected for ringed 
seals from many areas (see McLaren 1993, Holst and Stirling 2002 for 
reviews). Both males and females generally reach sexual maturity around 
the age of 4-7 years, with some variation between different geographic 
areas and over time (McLaren 1958, Nazarenko 1965, Johnson et al. 
1966, Smith 1973, 1987, Fedoseev 1975, Frost and Lowry 1981, Lyder-
sen and Gjertz 1987, Holst and Stirling 2002).  In most studies females 
show a tendency to achieve sexual maturity earlier than males and they 
undoubtedly breed successfully at earlier ages than most males. Reported 
mean age at sexual maturity (MAM) for ringed seals females varies in 
the literature from 3.5 – 7.1 years (Holst and Stirling 2002, Krafft et al. 
2006a). Reproductive rates of female ringed seals usually vary between 
0.45-0.86 (see Reeves, 1998), with extremes as high as .91 pups per 
year (Lydersen and Gjertz 1987). Regional production rates are variable; 
reproductive success depends on many factors including prey availability, 
the relative stability of the ice, sufficient snow accumulation prior to the 
commencement of breeding etc. (e.g. Lukin 1980, Kelly 1988, Smith 
1987, Lydersen 1995). 
Growth rates and population parameters are not static characteristics of 
populations. For example, MAM is known to be a flexible characteristic 
of populations that can change rapidly. Generally, variations in MAM 
for pinnipeds over time are explained by factors causing changes in food 
availability, either via overall changes in ecosystem productivity or via 
density-dependent responses of a variety of types, including intra- and 
inter-specific competition, predation and harvest levels, and physical 
changes to the environment that impact productivity (Laws 1953, Carrick 
et al. 1962; Eberhardt and Siniff 1977, Bengtson and Siniff 1981, Bowen 
et al. 1981, Capstick and Ronald 1982, Lydersen and Gjertz 1987, 
Kjellquist et al. 1995, Sjare et al. 1996). In the extreme, female ringed 
seals up to age 9 that had never been pregnant were reported from the 
Amundsen Gulf, NWT in the mid to late 1980s when food was scare in 
this area and animals were in poor condition (Kingsley and Byers 1998). 
Time series that enable studies of trends in population parameters are 
therefore important for understanding the dynamics of the ecosystem a 
given population inhabits. 
4. Movements/migrations
Small scale movement patterns by ringed seals have been studied using 
radio telemetry or acoustic tracking under water during the fast-ice 
season. Such studies have provided information regarding how ringed 
seals locate their holes during the arctic winter, what sorts of search 
patterns and diving behaviors are employed during prey searches within 
their home ranges, as well as basic time-budget information and space 
use patterns (Kelly and Quakenbush 1990, Lydersen 1991, Lydersen and 
Hammill 1993a, Lydersen et al. 1993, Wartzok et al. 1992, Kelly and 
Wartzok 1996, Simpkins et al. 2001a,b,c). Each ringed seal uses several 
haul-out lairs and additional breathing holes within its home range and 
travels between them quite regularly.  A seal’s lairs are usually only a few 
hundred meters apart, but a record 3, 438 m between haul-out liars has 
Ringed seal breeding habitat. Photo: Kit M. Kovacs & Christian Lydersen, NPI
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been recorded for an individual radio-tagged seal (Kelly and Quakenbush 
1990). Male’s lairs are spread over greater distances on average than 
those of females. The use of individual lairs appears to be quite exclusive, 
although seals do occasionally use lairs that are primarily used by another 
seal. During the reproductive season females spend more time on average 
out of the water than males and both sexes shift from hauling out during 
the night in early spring to hauling out during day-time hours in late 
spring, with more time spent on the surface during the latter period (Kelly 
and Quakenbush 1990, Carlens et al. 2006)
It is not known whether ringed seals show fidelity to natal sites, or if they 
are faithful to breeding sites as adults. In some areas, very predictable ice 
stability, sufficient snow to construct lairs, and good food availability cre-
ate prime habitat for ringed seals that is used over long periods of time, 
and there are a few mark-recapture events that support the concept of site 
fidelity by adult animals. Both adult males and females have been marked 
and then recaptured in the next year or after several years, some ob-
served only a few 100 m from where they were marked in Kongsfjorden, 
Svalbard (Lydersen and Kovacs, unpublished data). Small amounts of 
other data also suggest both intra-annual and inter-annual site fidelity 
for breeding ringed seals in other studies (see McLaren 1958, Smith and 
Hammill 1981, Kelly and Quakenbush 1990). However, there are also 
reports that strongly suggest that there is considerable mobility among 
ringed seals in some areas. For example, it appears that harvests of ringed 
seals by humans or polar bears well above levels that could be supported 
by a local population are sustained in some locales for long periods of 
time via recolonization from the broader range of the population (Smith 
1973, Hammill and Smith 1991). 
Information regarding seasonal and inter-annual movement patterns of 
ringed seals is somewhat limited. There are references in the literature 
to ringed seal migrations including an annual migration that apparently 
takes place through Bering Strait as the seals follow the receding pack-ice 
northward in spring, then southward again just ahead of the advancing 
sea ice in autumn (Kelly 1988). Stirling et al. (1982) refer to ‘large and 
predictable’ annual westward migrations by sub-adult ringed seals along 
the north coast of Alaska during late summer and autumn, and some 
movement of individual seals from the eastern Beaufort Sea westward to 
the Chukotka Peninsula has been demonstrated by tagging and recapture 
(Smith 1987).  Additionally, variable densities of ringed seals seem to 
follow seasonal patterns in some areas. For example, near Baffin Bay 
ringed seals seem to leave some coastal areas in summer, while in other, 
generally more northerly areas, large influxes of ringed seals occur during 
the open water period, suggesting substantial migrations, either north-
south or inshore-offshore (Miller et al. 1982). 
Traditional tagging studies have shown that ringed seals can travel 
significant distances (e.g. 1,400 km - Knutsen and Born 1989, >1000 
km Kapel et al. 1998); the record distance recorded for this species was 
a ringed seal tagged by Kelly and Wartzok (1996) in Resolute in the 
Canadian High Arctic in the spring moving to Narsalik SW Greenland by 
the following March (2,272 km; Kapel et al. 1998). The record round trip 
by a ringed seal must go to the juvenile that swam to France, where it was 
rehabilitated, tagged and released, prior to its return to the Arctic, where 
it was recovered from the stomach of a Greenland shark on the coast of 
Iceland (Ridoux et al. 1998). But, the number of ringed seals tagged and 
recovered is quite small throughout their geographic distribution and 
most tags are recovered within 100 km of the tagging site. 
The development of satellite tags in recent years has expanded our 
knowledge of movement patterns of many marine mammal species in-
cluding ringed seals. However, the number of tags deployed in any given 
study is usually quite small, and large-scale, inter-annual, or geographic 
patterns are as yet far from clear. The one consistent pattern among sat-
ellite tracking studies of this species to date seems to be that individuals 
tagged at any one location display variable dispersal patterns. Some in-
dividuals remain local throughout the open-water season, traveling along 
coastlines, while others move offshore or northward to the permanent 
pack-ice (Heide-Jørgensen et al. 1992, Gjertz et al. 2000, Teilmann et al. 
1999, Born et al. 2004). It is also clear that distances traveled are greater 
during the open water season compared to the months when ringed seals 
occupy fast-ice areas. During a study that deployed a relatively large 
number of tags (N= 23) in Svalbard over a three year period, animals 
tagged on the east coast remained on that side of Svalbard, with approxi-
mately half of the animals remaining coastal during the late summer and 
fall, while the other half all went NE to the nearest edge of the northern 
pack-ice (Freitas et al. 2008). Offshore trips started between 22 July and 
15 September, and lasted between 18 and 90 days. The trips reached 
maximum distances of 231 to 593 km away from the tagging location. 
The directions of these trips were not random, all animals traveled in a 
NE direction (at angles between 19°- 84° from the tagging location). The 
offshore trips always started in an ice-free area and had their northern-
most locations in areas with ice concentrations between 40-80%. Twenty 
one of the 23 animals returned to the general area of tagging the follow-
ing over-wintering period, while two individuals moved over to the west 
coast as the fast-ice season approached. 
5. Seasonal/regional variation
Although a significant number of publications involving ringed seals 
have been produced in the scientific literature (see Appendix I), time-se-
ries are virtually non-existent for even very basic population parameters 
for ringed seals, such as production rates, abundance trends, mortality 
rates etc., for most regions in the Arctic. This makes it difficult to sepa-
rate inter-annual variation from regional or seasonal variation. It is clear 
that inter-annual is naturally high with respect to condition of the animals 
and reproductive success, with both varying markedly from year to year, 
in response to physical and biotic conditions that animals experience 
in a given year in a given area. Natural patterns of seasonal variation in 
all arctic seals, including ringed seals are also high with respect to body 
condition, with fattening and thinning periods accompanying different 
biological ‘seasons’. Some seasonal patterns can be pieced together (e.g. 
see diet below), but even these analyses involve a range of locations, a 
variety of years etc. A general paucity of recent, accurate abundance data 
means that even quite dramatic changes in population trends will be very 
difficult to assess in a meaningful way in the near future because of the 
lack of comparative data and statistical power.
6. Foraging 
Many studies of ringed seal diet have been conducted across the species’ 
range, and, although this seal feeds on a variety of fishes and inverte-
brates, several strong tendencies with respect to prey selection are found 
among ringed seals across the Arctic (McLaren 1958, Johnson et al. 1966, 
Lowry et al. 1980, Popov 1982, Gjertz and Lydersen 1986a, Smith 1987, 
Lydersen et al. 1989, Weslawski et al. 1994, Belikov and Boltunov 1998, 
Siegstad et al. 1998, Wathne et al. 2000, Holst et al. 2001, Labansen et 
al. 2007). Most ringed seal prey is small, and preferred prey tends to be 
schooling species that form dense aggregations. Fishes are usually in 
the 5-10 cm range and crustacean prey in the 2-6 cm range. Typically, a 
variety of 10-15 prey species are found with no more than 2 - 4 domi-
nant prey species for any given area. Fishes are generally preferred over 
invertebrate prey, but diet is regionally determined to some extent by 
availability of various types of prey during particular seasons as well as 
preference, which in part is guided by energy content of various available 
prey (Reeves 1998, Wathne et al. 2000). Prey availability is dictated to 
some extent by oceanographic conditions, such as water depth, which 
water mass dominates a specific area, and general productivity level.
Spatial and temporal variations are apparent in the diet of ringed seals, 
but gadid fishes tend to dominate the diet of ringed seals at least from 
late autumn through the spring in many areas. Polar cod1 (Boreogadus 
saida) is often reported to be the most important prey species for ringed 
seals (McLaren 1958, Lowry et al. 1980, Gjertz and Lydersen 1986a, 
Smith 1987, Belikov and Boltunov 1998,  Lydersen et al. 1989, Welch et 
al. 1993, Weslawski et al. 1994, Siegstad et al. 1998, Holst et al. 2001, 
Labansen et al. 2007). This small fish occurs in both ice-free and ice-cov-
ered waters and especially at ice edges (Ponomarenko 1968). Young polar 
cod (≤2 yrs) are often found tightly associated with sea ice, living under 
and even in spaces within sea ice, while larger polar cod tend to reside 
in deeper, more offshore waters (Falk-Petersen et al. 1986). It is an im-
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portant prey species not only for ringed seals but also for a wide range of 
other marine mammals, sea birds, and fishes in arctic waters (Bradstreet 
and Cross 1982, Haug and Gulliksen 1982, Gabrielsen and Lønne 1992, 
Hjelset et al. 1999, Andersen et al. 2004). In Svalbard and the broader 
Barents Sea region, ringed seals consume a high fraction of young polar 
cod which suggests that at least in this area ringed seals forage primarily 
in the upper parts of the water column or in association with ice (Gjertz 
and Lydersen 1986a, Gjertz et al. 2000, Wathne et al. 2000, Labansen et 
al. 2007  ̶  also see oceanography and prey below). The seasonal preva-
lence of polar cod in the diet during winter in many areas also suggests 
that this prey species is targeted by ringed seals in ice-covered waters 
(e.g. Lowry et al. 1980). Ringed seals also eat a variety of other members 
of the cod family, including arctic cod (Arctogadus glacialis; Holst et 
al. 2001), and saffron cod, with the latter being particularly important 
during the summer months in Alaskan waters (Eleginus navaga; Lowry 
et al. 1980). Redfish (Sebastes spp. (Weslawski et al. 1994, Siegstad et al. 
1998), capelin (Mallotus villosus; Siegstad et al.1998), and herring (Clu-
pea harengus; Popov 1982) are also important in the diet of ringed seals 
in some regions. Greenland halibut (Reinhardtius hippolglosssoides), 
Liparis sp. and a variety of other fish species also contribute to the diet of 
ringed seals, but represent small amounts of the total diet (e.g. Siegstad 
et al. 1998, Labansen et al. 2007). Some studies also suggest sex-related 
differences in prey composition for ringed seals (e.g. Holst et al. 2001). 
Invertebrate prey seems to become more important to ringed seals in 
most areas during the open-water season in areas where sampling across 
seasons has been performed and is often found to dominate the diet of 
young animals (Lowry et al. 1980, Bradstreet and Cross 1982, Weslawski 
et al. 1994, Siegstad et al. 1998, Holst et al. 2001). Large amphipods 
(e.g. Themisto libellula), ‘krill’ (e.g. Thysanoessa inermis) mysids (e.g. 
Mysis oculata), shrimps (e.g. Pandalus spp., Eualus spp., Lebbeus polaris, 
Crangon septemspinosa) and cephalopods (e.g. Gonatus spp.) are all 
eaten by ringed seals and can be very important in some regions at least 
seasonally. 
Identification of pinniped prey by recovered hard parts from fecal or gas-
trointestinal tract (GIT) sampling are the most commonly used method 
for studying diet in pinnipeds, and otoliths in particular are an important 
means to analyze diet (e.g. Härkönen 1986). However, these types of 
analyses have a number of inherent potential biases that must be kept in 
mind including: partial or complete digestion of otoliths of some species; 
a larger possibility of identifying species with otoliths with distinctive 
morphological characteristics or larger size; and the fact that fish heads 
of larger fish may not always be ingested (see Pierce and Boyle 1991, 
Browne et al. 2002). Otolith digestion can also be affected by prey spe-
cies and size, meal size and composition, and predator behavior (Marcus 
et al. 1998, Bowen 2000, Christiansen et al. 2005). Species with fragile 
otoliths (e.g. clupeids, salmonids (e.g. Salvelinus alpinus), pleuronect-
ids (dabs, flounders)) can be underestimated. A recent study makes the 
point strongly that it is important to sample whole GITs when studying 
pinniped diets (Labansen et al. 2007) because stomach clearance rates are 
fast in pinnipeds (e.g. Murie and Lavigne 1986), and even some hours 
after feeding most hard-parts are recovered from the intestines (Labansen 
et al. 2007). Stable isotopes and fatty acid analyses have also been used 
to augment conventional dietary studies in recent years (see Hobson et al. 
1997, Iverson et al. 2004, Dehn et al. 2007).
Ringed seals go through a marked annual cycle in weight that is related 
to their activity and food intake levels (Ryg et al. 1990 a, b, Ryg and 
Øritsland 1991). During the spring (April, May and into June) all age and 
sex groups (except pups of the year) are in a period of negative energy 
balance (e.g. Ryg et al. 1990 a, b). Most adult female ringed seals give 
birth during late March or early April (e.g. Lydersen 1995) and then go 
through an energically demanding lactation period (Hammill et al. 1991, 
Lydersen and Hammill 1993). During this period the adult males are also 
in a negative energy balance (Ryg and Øritsland 1991); they are busy 
defending underwater territories (see above – reproductive section) and 
interacting with the adult females as they become available for copu-
lation. Following the breeding season all animals one year of age and 
older go through their annual molt; during this time their energy intake 
is low (Ryg et al. 1990 a, b). Being in negative energy balance implies 
that the seals are relying on energy stored in their blubber layer (Ryg and 
Øritsland, 1991), but these stores are not sufficient in this small pin-
niped species to cover all of the energetic costs of this part of the ringed 
seals annual cycle, so they do continue to feed at some level during the 
reproductive and molting periods (e.g. Ryg and Øritsland 1991, Lyders-
en 1995, Lydersen and Kovacs 1999). Most of the annual ‘fattening’ of 
ringed seals takes place during the late summer, fall and winter.
1 Please note that the common names for polar cod and arctic cod are 
not internationally consistent. In Europe, and in this document, polar cod 
refers to B. saida and arctic cod to A. glacialis. But in the United States 
these common names are reversed.
7. Competition for prey 
Dietary overlaps among carnivorous fish, seabirds, and arctic marine 
mammals are common, and ringed seals almost certainly face significant 
competition for food from other fish-predators. For example, the polar 
cod is a preferred prey species for most fish-eating high arctic predators. 
The fact that ringed seals are able to exploit this resource under the ice as 
well as at edges likely gives them a competitive advantage at least with 
young age classes of polar cod. But, there are few studies exploring the 
degree to which arctic marine mammals compete for prey. Dietary studies 
of harbor, bearded, and ringed seals in a small area on the west coast of 
Svalbard near Forlandsundet suggest that both primary (polar cod) and 
secondary prey species (Stichaeidae and Cottidae) are eaten by all three 
seal species coastally in this region. It would be difficult to conceive how 
these species would not be competing for these resources in this small 
geographic area. 
A study in the Barents Sea by Wathne et al. (2000) explored the potential 
for competition between ringed and harp seals in the Barents Sea and 
found an almost 100% overlap in diet between the two species. However, 
harp seals were found to prey on significantly larger polar cod than ringed 
seals, which they take at deeper depth than the small cod consumed by 
ringed seals. These results suggest that there is some niche separation 
achieved and that these two species, in this area, exploit different frac-
tions of the same resource. 
8. Predators  
It is unquestionable that the most important predator of ringed seals 
through most of the Arctic is the polar bear (e.g. Smith 1980, Davis et 
al. 1980, Stirling 1988). The majority of the polar bear’s diet is ice-de-
pendent seals, and ringed seals are the most numerous species consumed 
(e.g. Derocher et al. 2002). There are approximately 26,000 polar bears 
in the Arctic and each adult bear kills a seal every few days when it is 
hunting on the sea ice, resulting in 100s of thousands of ringed seals 
taken each year by bears (Stirling 1974, Stirling and Latour 1978, Stirling 
and Øritsland 1995, Stirling and Lunn 1997). Polar bears are specialists 
in hunting ringed seals on the spring fast-ice, taking both pups and older 
animals either from their lairs or breathing holes (Fig. 1a,b) (Stirling and 
McEwan 1975, Stirling and Archibald 1977, Lydersen and Gjertz 1986, 
Gjertz and Lydersen 1987b, Hammill and Smith 1991). Polar bear detect 
the presence of lairs under the snow easily, and either through smell or 
sound, know if the lair is occupied. If a seal is detected by a hunting bear 
in its lair, the polar bear will crash through the roof using its full weight 
delivered via the front paws and attempt to trap the seal before it gets into 
the water. Spring hunting of ringed seals in lairs is particularly important 
to female polar bears coming out of the den after many months of fasting. 
Polar bears also use a sit-and-wait strategy at holes, waiting for a seal to 
surface to breathe. Bears also hunt ringed seals from the water during the 
summer and autumn when the seals are hauled out on ice floes (personal 
obs.), and even when seals are swimming on rare occasions (Furnell and 
Oolooyuk 1980). Estimates of actual mortality rates of ringed seals due 
to polar bear predation are scarce, but bears seem to be successful in 
predation attempts on ringed seal lairs about 10% of the time (e.g. Gjertz 
and Lydersen 1986b, Lydersen and Gjertz 1986, Hammill and Smith 
1991), and Hammill and Smith (1991) estimated that polar bears killed 
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up to 44% of the estimated annual pup production in areas within Barrow 
Strait. The physical structure of the lair has some influence on predation 
success rate, with lairs that have thicker snow roofs being somewhat 
more protected (e.g. Furgal et al. 1996). Presumably the thicker roofs are 
harder to crash through so the seals get a bit of time to attempt to escape 
down the hole. 
Walruses also eat ringed seals, though predation events by this predator 
are only rarely observed (Lowry and Fay 1984, Fay et al. 1990), presum-
ably because most attacks occur in the water. Although it is not possible 
to quantify predation pressure by walruses on ringed seals, Muir et al. 
(1995) found that walruses in the Hudson Bay area showed organochlo-
rine (OC) patterns that suggested “a regular seal-eating habit”. Data from 
Svalbard for fatty acid signatures and contaminants in combination sug-
gest that walruses in this area also eat ringed seals (Wolkers et al. 2006). 
Additionally, the facts that ringed seals seem to avoid walruses generally, 
and show fright responses in their presence, has been interpreted as 
predator avoidance (Kingsley et al. 1985, Gjertz 1990, Stirling 1997). 
A tour group traveling on Svalbard photographed a walrus consuming 
a freshly-killed ringed seal (and an attack on a bearded seal by a walrus 
was photographed during the event; other reports and incidents involving 
walruses eating seal carcasses are also reported; kmk).
Arctic foxes (Alopex lagopus) are also significant and effective predators 
of ringed seal pups early in the reproductive season in some areas (e.g. 
Smith 1976, Lydersen and Gjertz 1986). Foxes also scavenge ringed-seal 
kills made by polar bears both inshore and offshore, with some individ-
uals specializing in this behavior and traveling long distances off-shore 
(Stirling 1988, Roth 2003, pers. obs.). Other canid predators include red 
foxes (Vulpes vulpes) and wolves (Canis lupus), which can be regionally 
important, particularly in years when there is little snow or very early 
melting (Lukin 1980 Andriashek et al. 1985, Andriashek and Spencer 
1989). Burns (1970) also notes the domestic dog (Canis familiaris) as a 
predator of ringed seals, in addition to wolverines (Gulo gulo). In poor 
ice and snow years even avian predators such as ravens (Vorvus corax) 
and glaucous gulls (Larus hyperboreus) will take young ringed seal pups 
(Burns 1970, Lydersen and Smith 1989). 
Killer whales (Orcinus orca) are also frequently cited as being ringed seal 
predators (e.g. Stirling and Calvert 1979, Kovacs and Lydersen 2006), but 
the intensity of predation is difficult to assess. Presumably, ringed seals 
receive some protection from this predator via their natural tendency to 
be in heavily ice-filled waters. But, ringed seal parts have been found in 
killer whale stomachs, so they do take them on occasion (see MacLaren 
Marex Inc. 1979). Another aquatic predator, the Greenland shark, is also 
known to ingest ringed seals, and given the fresh character of one ringed 
seal reported in the stomach of a shark it appears that it was killed rather 
than scavenged (Ridoux et al. 1998). Furthermore, Fisk et al. (2002) 
suggest that high OC levels suggest that seals are a common food item 
for some Greenland sharks.
9. Human harvests
Humans have hunted ringed seals in the Arctic since the arrival of people 
to the region millennia ago (e.g. Murdoch 1885, Riewe and Amsden 
1979). They are a fundamental subsistence food item for most coastally 
dwelling northern peoples. Their hides have been an important item for 
making clothing and other household items and have at various times 
been an important source of cash income for people in the Far North. 
Ringed seals have never been the subject of large-scale commercial 
hunting at the levels of harp or hooded seals because of their dispersed 
distribution and inaccessibility to hunters. But, many 10s of thousands 
of ringed seals are harvested annually by Inuit and other peoples of the 
Arctic Basin.  
Harvesting pressure on ringed seals across the Arctic is highly variable. 
In Svalbard, Norway, licensed hunters can shoot ringed seals from 20 
May – 20 March. The seals are protected during their breeding season. 
Additionally, ringed seals, like all other species, are totally protected in 
the national parks and nature reserves in Svalbard throughout the year. 
Sport hunting is permitted on the Norwegian mainland based on quotas 
for ringed seals and licensing of individual hunters. The numbers of 
ringed seals taken within Norwegian waters annually are quite low (a few 
hundred animals total). In Canada the ringed seal is an important resource 
in coastal communities and is taken in subsistence harvests in Labrador 
and throughout the Canadian Arctic. Reeves et al. (1998) reviewed the 
catch history for ringed seals in Canada. These authors suggested that 
annual removals were probably highest in the 1960s and 1970s when 
price for seal pelts were high, with catches might have exceeded 100,000 
annually. Exact figures are not available, but recent catch levels in the 
1980s and 1990s are believed to 50,000 – 65,000 animals per year. (The 
Nunavut Wildlife Management Board conducted a wildlife harvest study 
from 1998 –2002 that included all northern seal species of seals.) Ringed 
seals are also important in the diet of Native Alaskan people and are har-
vested in significant numbers. There are no restrictions to hunting, other 
than the general principle that human harvest should not induce declines 
in abundance of wildlife. 
In Greenland, about 170,000 seals are taken annually (mainly harp and 
ringed seals). They are an important source of traditional food, and about 
100,000 skins are sold for tanning (Jessen 2001).  There are few national 
regulations in Greenland regarding seal hunting; there are four Executive 
Orders, two related to catch reporting, one banning importation of skins 
from pups, and a fourth that is specific to harbor seal hunting in spring.  
Overall for Greenland, the catch of ringed seals was about 43,000 in the 
1950s, it peaked in the 1970s similar to the Canadian harvest at about 
100,000 animals, and more recently has decreased somewhat to about 
70,000 per year in the 1990s (Teilmann and Kapel 1998).
Seal harvesting in Russia operates on the basis of Total Allowable Catch-
es (TACs) that are assigned by species and geographic region. Ringed 
seal TACs in 2002 by area were: Western Bering Sea 5, 900; Eastern 
Kamchatka 600; Sea of Okhotsk 28,000; Barents Sea 1,500 and; White 
Sea 1,100 (according to Government of the Russian Federation Decree 20 
- November 2001 # 1551). Harvest statistics reported for Western Russia 
by Belikov and Boltunov (1998) suggest that maximum catches earlier in 
this century exceeded these TACs significantly, with maximum harvests 
of 8,900 in the White Sea (1912), 13,200 in the Barents Sea (1962), 
and 13,200 in the Kara Sea (1933). These harvests are thought to have 
dropped considerably in recent decades, though there are no available 
data. Reporting of harvest statistics and enforcement of TACs is difficult 
to manage in outlying areas, and the harvest of ringed seals in Eastern 
Russia is largely unknown. 
10. Health (disease, parasites, contaminants)
Information on disease and health parameters is generally scarce for 
ringed seals (Tryland et al. 2006). To date, arctic phocids do not seem to 
have experienced any of the epizootic events that have caused massive 
declines in some species in recent decades along the European coast. No 
antibodies for the pathogen causing these events – a phocine distemper 
virus – have been reported in arctic seals (Dietz et al. 1989). Rabies has 
been reported in ringed seals, with the source of the infection likely being 
the arctic fox (Ødegaard and Krogsrud 1981). The patterns of antibody 
prevalence for Brucella spp. bacteria in ringed seals suggests that they 
are exposed to this pathogen at low prevalence, but over a wide area 
with sporadic infection taking place probably from enzootically infect-
ed animals such as the arctic fox (Nielsen et al. 1996, 2001, Tryland et 
al. 1999). Pneumonia, fungal dermatitis and focal necrosis of the liver, 
and eye disorders have also been reported in ringed seals (see Frost and 
Lowry 1981).
Trichinella has been documented in ringed seals from the Canadian arctic 
(Forbes 2000), although it is either rare or nonexistent in ringed seals at 
Svalbard (Larsen and Kjos-Hansen 1983). The lungworm Otostongylus 
circumlitus also occurs in ringed seals (Bergeron et al. 1997, Gosselin et 
al. 1998). Severe infections of this parasite could impact diving perfor-
mance or even lead to death, but no detrimental effects on body condition 
have been associated with infection in the studies performed to date. 
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Ringed seals can also be infected with the heartworm Acanthocheilonema 
spirocauda, particularly when they are young (Measures et al. 1997).  
Protozoan parasites that can cause severe diarrheal disease in mammals 
have been detected in ringed seal faces (Cryptosporidium spp. and 
Giardia spp) (Hughes-Hanks et al. 2005). Additionally, antibodies for the 
protozoans Toxoplasma gondii and Neospora caninum have been found in 
ringed seals; these protozoans have been recognized as a cause of marine 
mammal encephalitis (Dubey et al. 2003). The most abundant parasites of 
ringed seals are helminths of the gut tract. Nematodes, acanthocephalans, 
and cestodes are common, sometimes in significant numbers (Measures 
and Gosselin 1994, Hoberg and Measures 1995, Johansen et al. 2010). 
Trematodes have also been reported from the liver and gall bladder (see 
Lydersen 1998). Sucking lice are common ectoparasites of ringed seals 
(pers. obs.). Although parasite burdens can be quite high in ringed seals, 
parasite infestations alone seldom debilitate otherwise healthy pinnipeds, 
though they may cause harm if the animals are weakened by other health 
conditions (Geraci and Lounsbury 1993).
Until the late 1970s or early 1980s the Arctic was perceived to be one 
of the last pristine wilderness areas in the world. It was thus a surprise 
when the presence of persistent organic pollutants (POPs) and oth-
er contaminants were documented in the arctic ecosystem. The most 
abundant contaminant residues detected in marine mammal tissues in the 
Arctic were polychlorinated biphenyls (PCBs), toxaphene, and chlordane 
(Wagemann and Muir 1984, Jensen 1991). The main sources of these 
pollutants were agriculture and industrial activities that occurred far from 
the Arctic (Tomy et al. 2000). Freshwater drainage followed by ocean 
current transport and global air-flow patterns from southern locales mov-
ing north are the major transport pathways for contaminants to come into 
the Arctic; contaminants are “dropped” from air currents when tempera-
tures cool toward the Pole and they are also delivered from air masses via 
precipitation (see Barrie et al. 1992, Mackay and Wania 1995, Bard 1999, 
MacDonald et al. 2000, Kallenborn 2006). Another contaminant source 
that is important in some arctic regions is sea ice formed in the south and 
then transported north by ocean currents (e.g. Nies et al. 1999, Borga et 
al. 2002).
The organochlorine contaminants (OCs) were of particular concern 
because they are lipophilic (“lipid-loving”) compounds that have poten-
tial detrimental effects on the health and reproductive performance of 
animals. Pathological changes in uterine physiology were documented in 
Baltic Sea ringed seals during the 1960s and 1970s that were attributed to 
high concentrations of chlorinated hydrocarbons (Helle et al. 1976, Helle 
1980). Although contaminant levels in the Arctic are generally relatively 
low (see Holden 1972, Wolkers et al. 1998a), contaminant induced effects 
on physiological processes related to reproduction have been shown for 
top trophic animals in the Arctic. For example, ringed seals from the west 
coast of Svalbard show a clear negative relationship between the hepatic 
cytochrome P450 (CYP) enzymes involved in steroid breakdown (CYP 
3A) and PCB burdens, illustrating that even at the observed low contam-
inant loads the metabolism of hormones may be influenced  (Wolkers et 
al. 1998a,b). During years with poor feeding, the biological effects of 
even the relatively low levels of contaminants found in the Arctic may 
have increased significance (e.g., Muir et al. 1999), and high interannual 
variability in food resources is a common feature of the Arctic.
Given the findings for ringed seals, in addition to the high contaminant 
burdens documented for their primary predator the polar bear (e.g. Zhu 
and Norstrom 1993, Wolkers et al. 2004) in various arctic locales, it is 
not surprising that most health-related work with ringed seals in recent 
decades has been performed in relation to contaminant burdens. Addi-
tionally, ringed seals are a significant component of the diet of many 
coastal aboriginal communities in the Arctic, which puts human arctic 
residents at risk of exposure to lipophilic organochlorine contaminants 
because these compounds are persistent and they bioaccumulate through 
the food chain (Jensen 1991, Cameron and Weis 1993, Kuhnlein and 
Chan 2000). Contaminants have been detected in human breast milk and 
other body tissues in several arctic locales at levels that may warrant 
some concern (Kuhnlein et al. 1995, Polder et al. 2003). The developing 
fetus and breast-fed infants are likely to be more sensitive to the effects 
of OCs (and metals) than adults and are the age groups at greatest risk in 
the Arctic (Van Oostdam et al. 1999). The levels of POPs, mercury, and 
radionuclides are particularly high in communities that have traditional 
dietary habits, consuming a lot of marine mammal meat and blubber 
(Polder et al. 2003, Bonefeld-Jorgensen 1994). 
The Arctic Monitoring and Assessment Programme (AMAP) was estab-
lished in the 1990s to address the risks and trends in contaminants in the 
Arctic. AMAP’s top priorities include the following contaminant groups 
and issues:       
• Persistent organic contaminants 
• Heavy metals (in particular mercury, cadmium, and lead) 
• Radioactivity 
• Acidification and Arctic haze (in a sub regional context) 
• Petroleum hydrocarbon pollution (in a sub regional context) 
• Climate change (environmental consequences and biological effects  
 in the Arctic resulting from global climate change) 
• Stratospheric ozone depletion (biological effects due to increased   
 UV-B, etc) 
Effects of pollution on the health of humans living in the Arctic (includ-
ing effects of increased UV radiation as a result of ozone depletion, and 
climate change) as well as the combined effects of pollutants and other 
stressors on both ecosystems and humans
Ringed seals have been repeatedly recommended as an important species 
to use in the study of global patterns of dispersal of compounds and for 
documenting the general ‘health’ of the Arctic (e.g. CAFF 1999, Luckas 
et al. 1990, Muir and Norstrom 1991, Hickie et al. 2005). Age and sex 
of animals sampled should be recorded because contaminant burdens are 
often higher in adult animals than in juveniles, and males tend to have 
higher toxic loads than females for many substances (e.g., Cameron et al. 
1997, Hickie et al. 2005, Kucklick et al. 2006). Ringed seals have been 
selected as a key monitoring species in AMAP because of their broad 
circumpolar distribution, high abundance, high trophic status and their 
frequency in the diet of coastal peoples (Wilson et al. 1998). 
Some contaminants taken up by ringed seals, for example some oil com-
ponents, can be metabolized and excreted without apparent deleterious 
effects (see Geraci and St. Aubin 1990). Ringed seals exposed to crude 
oil directly through immersion show irritation and transient damage to the 
eyes and also show petroleum residues in tissues, presumably via transfer 
across respiratory epithelium cells. Direct exposure for modestly protract-
ed periods can be fatal, but it is hard to envisage this situation occurring 
at a large scale in the Arctic when animals are free to move out of oiled 
waters. Ingestion of oil-contaminated fish does not cause immediate del-
eterious effects, but residues accumulated in the blubber and other tissues 
may challenge liver and kidney function when the stored, tainted blubber 
is metabolized (Geraci and Smith 1976, Engelhardt 1983). Studies of 
ringed seals and oil pollution have not been particularly conclusive, but 
it is likely that the seriousness of oil contamination would most likely be 
mediated by the volume of oil involved in a spill, the type of crude, and 
the timing of the spill (McLaren 1990). Oil would likely have the greatest 
harmful impacts to ringed seals if it spread into breeding habitat where 
pups could become oiled and locally important food could be contaminat-
ed (Smith 1987). 
Other compounds such as some PCBs and pesticides are known to be 
quite resistant to degradation, and are accumulated in fatty- tissues of 
animals. Seals occupy a high trophic level and hence are exposed to 
substantial amounts of these sorts of contaminants when they are present 
in the food chain (Muir et al. 1988, 1992, 1999). Most data are available 
for PCBs and DDT in ringed seals across the Arctic, and, although local 
variations certainly exist, the patterns of many accumulative substances 
are quite similar across relatively large regions (see Becker 2000, but 
also see Weis and Muir 1997, Aguilar et al. 2002, Hoekstra et al. 2003). 
30
Concentrations of most ‘legacy’ OCs (PCBs, DDT, etc.) have declined 
significantly in biota at most locales in the Arctic and are generally less 
than half the levels they were in the 1970s in areas where time series 
exist for both seabirds and ringed seals (Addison et al. 1986, Addison 
1992, Muir et al. 1988, 1999, Addison and Smith 1998, Riget et al. 2004, 
Braune et al. 2005). These trends are expected to continue with major de-
creases expected (filtering through to human populations) in the Arctic by 
2030 in areas where values are currently high (Odland et al. 2003). A few 
exceptions in the declining trends seen in Canada and elsewhere include 
hexachlorocyclohexanes (HCH, THCH), chlordane, and toxaphene which 
have remained relatively constant, and chlorobenzenes and endosulfan, 
which are OCs that have shown increases over the last few decades in the 
Canadian Arctic (Muir et al. 1999, Braune et al. 2005). For most OCs, 
marine mammal tissues from the European Arctic are more contaminated 
than those from the Canadian and US Arctic, but this is likely a legacy of 
a more polluted European Arctic in the past because contaminant levels 
at low trophic levels do not differ across these regions currently (Borga 
et al. 2005). Generally speaking the Western North American Arctic has 
been less contaminated than the Eastern areas (e.g. Kucklick et al. 2006). 
High levels of DDTs and PCBS in the Western Russian Arctic suggest the 
presence of recent significant local sources in the Kara Sea region (Naka-
ta et al. 1998; PCBs are still used in the production of electrical equip-
ment and other application in Russia – Muir et al. 2000). However, OCs 
seem to be declining in the White Sea to the west of the Kara, though 
marine food webs in the White Sea region are still more contaminated 
than adjacent open ocean because of the proximity of urban/industrial 
areas (Muir et al. 2003).
Similar concerns to those above for POPs have also arisen regarding 
the health of ringed seals and humans and other animals that consume 
ringed seals because of heavy metal burdens in seals’ tissues. The most 
commonly reported heavy metals in Arctic marine mammals include 
mercury, cadmium, lead, selenium, arsenic, and nickel (e.g. Wagemann 
and Muir 1984, Dietz et al. 1990, Skaare et al. 1994, Riget and Dietz 
2000). The effects of these compounds are not specifically known, and 
toxic and mutagenic effects have not been unequivocally demonstrated 
in marine mammals (Melnikov 1991), but mercury poisoning is possible 
at high concentrations (see Tillander et al. 1972). High mercury levels 
in ringed seals in Lake Saimaa in Finland were reported as the probable 
cause of reduced pup production (Hyvärinen et al. 1997, also see Sipilä 
and Hyvärinen 1998). Ringed seals living in Strathcona Sound, Canada, 
near a lead-zinc mine have higher levels of lead in the liver and selenium 
in their muscles than seals from adjacent areas (Wagemann 1989), and 
cadmium levels are high in the liver of ringed seals from the eastern   
Canadian Arctic compared to ringed seals from elsewhere (Wagemann 
et al. 1996). Some regional differences in heavy metal concentrations in 
ringed seals are likely due to differences in natural background concentra-
tion (Wagemann et al. 1995, 1996, Riget et al. 2005). However, studies in 
the Canadian Arctic have found higher mean concentrations of mercury 
in recent ringed seal samples, compared to earlier collections (Muir et al. 
1999, MacDonald et al. 2000). Rates of accumulation of mercury are also 
higher in present day animals compared to 10-20 years ago. Cadmium 
concentrations have shown no change over the last decade (Muir et al. 
1999).
A suite of new-use chemicals previously unreported in arctic biota 
(e.g. polybrominated diphenyl ethers (PBDEs ), short chain chlorinated 
paraffins (SCCPs), polychlorinated naphthalenes (PCNs), perfluoro-oc-
tane sulfonic acid (PFOS), and perfluorocarboxylic acids (PFCAs)) has 
recently been documented in arctic biota including ringed seals, but little 
information exists for these compounds in terms of spatial patterns, food 
web dynamics, or species differences in levels (e.g. Martin et al. 2004, 
Wolkers et al. 2004, Vorkamp et al. 2004, Bossi et al. 2005, Braune et al. 
2005). Some of the PFC compounds appearance in Arctic fauna will be 
transitional, because of the 2001 ban on perfluoroocatane sulfonyl fluo-
ride based compounds by 3M; levels in ringed seals are already showing 
rapid declines (Butt et al. 2007). Hexabromo-cyclododecane (HBCD) has 
reached measurable concentrations in even the lower trophic species and, 
not surprisingly, is found at higher levels in ringed seals and polar bears 
(Sørmo et al. 2006). Although levels of these compounds are currently 
low, there is concern because some are increasing rapidly in concentra-
tion in some areas (e.g., PBDEs, also see Riget et al. 2006), and some 
have unique toxicological properties (Braune et al. 2005). Some of these 
compounds were presumed to have low potential for long-range trans-
port, so were not expected to make their way into arctic biota. 
Some concern has been expressed regarding radionuclide exposures and 
concentrations in arctic marine species because of a number of accidents 
in arctic regions involving nuclear vessels and the presence of potential 
radioactive contamination sources in some arctic areas (see Brown et al. 
2006). However, dose-rates associated with the presence of anthropo-
genically derived radionuclides for ringed seals measured in Svalbard, 
an area at risk because of its proximity to and location in the path of 
currents from the Russian coast, fall many orders of magnitude below the 
dose-rates at which any biological effects would be expected (Gwynn et 
al. 2006). Additionally, it has been clearly established that the levels of 
anthropogenic radiocnuclides in the Arctic are declining; most fallout was 
derived from nuclear weapons testing from 1945-1980 (Macdonald et 
al. 2003). Residents in the Arctic that are consumers of traditional food, 
however, are exposed to an approximately seven-fold higher radiation 
dose than non-consumers of traditional foods due predominantly to the 
bioaccumulation of natural radionuclides in the food chain (Van Oostdam 
et al. 1999).  
Although concern is clearly warranted regarding contaminants in the 
Arctic in relation to ringed seals, it must be noted that concentrations 
of OCs and metals are generally below effects thresholds through much 
of the Arctic and there is little evidence that contaminants are having 
widespread effects on the health on artic organisms, with the possible 
exception of polar bears (Fisk et al. 2005). However, it is expected that 
the Arctic will become a major sink for organochlorines in the future; this 
process may already be significant for some compounds such as HCB and 
HCHs (Aguilar et al. 2002). Given the risk of exposure to ‘new’ organo-
halogen contaminants, the fact that some regions are contaminated, and 
the risks of climate change stresses (see below), a better understanding of 
the effects of contaminant exposure is needed (Fisk et al. 2005). 
B. Climate change in the Arctic and its impacts on 
ringed seals
1. Physical conditions
Cold temperatures, extensive seasonal variation in light and heat regimes, 
low overall levels of primary production (and solar radiation), extensive 
snow cover, permanent sea ice cover over large areas of the Arctic Ocean, 
and extensive formation of annual sea ice are defining characteristics of 
the Arctic (Stonehouse 1989). However, it has become clear that climate 
change is occurring and that the Arctic has already undergone significant 
physical environmental change due to global warming. Both multiyear 
and annually formed sea ice play important roles in the climate and 
ecology of the Arctic, but numerous studies have now documented a 
reduction in arctic sea ice cover over the past several decades (e.g. Fran-
cis et al. 2005, Moore 2006, also see Symon et al. 2005). This pattern is 
consistent with statistically significant surface warming that is particu-
larly pronounced in fall and early winter, which is predicted to continue 
into the future based on climate models (e.g., Keup-Thiel et al. 2006). 
Both the seasonal and spatial extent of the Arctic’s sea ice cover has been 
reduced, in addition to the ice thinning. Future predictions suggest that 
the Arctic will be subject to warming at a rate that is 1.5 to 2 times the 
global average and that the current climate trends are in general expect-
ed to accelerate during the coming century (Drinkwater 2005, Corell 
2006, Kaplan and New 2006, Teng et al. 2006). Changes to atmospheric 
sea-level pressure, wind fields, sea-ice drift, and precipitation patterns 
are also suggested to have already occurred (see MacDonald et al. 2005). 
These changes will in turn lead to alterations in the hydrographic proper-
ties of the ocean, as well as the vertical stratification and circulation pat-
terns (e.g. MacDonald et al. 2005, Drinkwater 2005). Ocean temperatures 
are likely to increase, with the arctic ice–ocean system changing faster 
than the global average (Zhang 2005). The changes that take place in the 
Arctic will impact the global climate system (e.g., Sewall 2005). 
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Sea ice extent, thickness, and seasonal duration are expected to continue 
to decrease, and many models predict an ice-free Arctic in summer by 
the year 2100 (Arzel et al. 2006, Dumas et al. 2006, Meehl et al. 2006, 
Parkinson 2006, Serreze and Francis 2006, Zhang and Walsh 2006). 
Change will not take place at identical rates across the Arctic; there will 
be considerable geographical variation in changing patterns of sea ice 
distribution, thickness, etc. (see Parkinson and Cavalieri 2002). The 
regional patterns that will occur in environmental change, in combination 
with potential variation in responses to particular stressors in individual 
sub-populations or stocks makes Pan-Arctic predictions difficult for a 
species (Tynan and DeMaster). However, the general, longer-term predic-
tions for changes in sea ice will have consequences for all arctic animals 
that depend on sea ice as their breeding or foraging habitats (e.g., Stirling 
and Derocher 1993, Tynan and DeMaster 1997, Loeng et al. 2005). 
2. Direct impacts of climate change on ringed seals 
All ice-associated seals are vulnerable to changes in the extent, concen-
tration, and quality of sea ice in the Arctic because they depend on the ice 
as a pupping, molting, and resting platform, and some seal species also 
do much of their foraging on ice-associated prey species (see Tynan and 
Demaster 1997, Barber and Iacozza 2004). Ringed seals are perhaps the 
most vulnerable of the high Arctic pinnipeds because so many aspects 
of their life-history and distribution are tied to sea ice. Ringed seals also 
require sufficient snow cover to construct lairs in which they rest, give 
birth, and care for their young; both ice and snow must be stable enough 
in the spring season to successfully rear young (Lydersen and Kovacs 
1999). Premature break-up of the land-fast ice can result in premature 
separation of mother-pup pairs and hence high neonatal mortality (e.g. 
Smith and Harwood 2001, Ferguson et al. 2005). Spring rains or high 
temperatures in spring can cause the roofs of lairs to prematurely collapse 
leaving ringed seals subject to increased predation and exposure risks 
(Stirling and Smith 2004). Years in which insufficient snow fall takes 
place prior to breeding results in a similar phenomenon. Ringed seals in 
some areas are already showing relatively long-term downward trends 
in reproductive rates and survival of young that are thought to be linked 
to changes in sea ice conditions and other major ecosystems shifts, the 
pathways of which are poorly understood (Stirling 2005).
If the extremes predicted do indeed occur, and there is no summer sea 
ice in the Arctic, it is difficult to envisage how ringed seals will sur-
vive. Ringed seals do not normally haul out on land and performing this 
behaviour would be a rather dramatic change to the species behavioural 
repertoire. Land-breeding would expose the ringed seals’ small neonates 
to much higher predation rates, even in a best case scenario. 
3. Indirect effects of climate change on ringed seals 
Climate change poses risks to ringed seals beyond the changes that 
alterations to the physical environment will cause directly to their habitat. 
These include: changes to their forage base (species shifts, density shifts, 
and distributional shifts of prey species, etc.); increased competition from 
temperate species (Symon et al. 2005); increased predation rates from po-
lar bears (Rosing-Asvid 2006) and arctic foxes (at least initially) as well 
as killer whales; increased disease and parasite risks (Harvell et al. 1999); 
greater potential for exposure to increased pollution loads (Macdonald et 
al. 2003, 2005); and impacts via increased human traffic and development 
in previously inaccessible, ice-covered areas.
i) Changes at lower trophic levels
Most pinniped species are relatively high trophic predators that live in 
regions with high productivity at least seasonally (see Bowen and Siniff 
1999). They target oceanographic ‘hot-spots’ such as ice-edges, shelf 
breaks, canyons, ridges, and plateaus where prey are attracted because 
nutrient mixing in the water column via up-welling or ice melt promote 
primary production. In Polar Regions the thermocline is usually weak 
early in the year, if one exists at all, and is not an effective barrier to 
upward mixing of nutrients from deeper waters. Although there is little 
direct information on specific locales where ringed seals forage, they are 
not expected to deviate greatly from the general pinniped pattern (i.e. 
targeting oceanographic hot spots). Some oceanographic measurements 
have been collected via temperature tags carried by ringed seals (Lyd-
ersen et al. 2004), and post-molting distribution data suggest that they 
target areas that contain 20-80% ice cover, whether these are coastal (near 
glacier fronts) or farther offshore in the free-floating pack (Freitas et al. 
2008). But, relatively little is known about key oceanographic features 
of importance to ringed seals, beyond the presence of sea ice. Ringed 
seals consume most of their annual energy in a period from late summer 
through to early winter (Ryg and Øritsland 1991), focusing on lipid rich, 
large, zooplankton and polar cod in their diet (see ‘Foraging’ above). 
A warmer climate and less extensive ice cover in the Arctic should 
result in an increase in primary production, on the order of 30-40 % 
greater overall production (Wassmann et al. 2006a), with a relatively 
greater contribution from pelagic plankton at the expense of ice algae 
(see Wassmann et al. 2006b). These climate-induced changes are likely 
to have profound impacts on the trophic structure and energy flow of 
the ice-pelagic-benthic systems in some arctic areas and will generally 
bolster the pelagic system at the expense of the benthic system (Carroll 
and Carroll 2003). An analysis of the fate increased production as a result 
of climate change in the central Arctic Ocean, suggests that the system 
has the capacity to capture this increased production via grazing capacity 
of expatriated mesozooplankton and hence produce increased food for 
higher trophic levels (Olli et al. 2007). 
This positive picture of production increase in the Arctic is not universal-
ly shared, as there is a risk that reduced sea ice cover, warmer water, and 
a shorter sea ice season might promote stratification of the water column 
earlier in the season, which could disrupt the connection between phyto-
plankton production and consumption by grazing zooplankton (Symon et 
al. 2005). This sort of de-coupling, as well as other temporal mismatches, 
could have cascading effects through the food web. Additionally, there 
are concerns that a warmer climate with reduced ice cover will cause 
shifts in zooplankton community structure towards a smaller zooplankton 
size spectrum (e.g., favouring Calanus finmarchicus over C. glacialis), 
which may have cascading effects for arctic top predators (Falk-Petersen 
et al. 2006). There will be considerable geographic variability in what 
transpires under conditions of climate change across the different Arctic 
Seas, and hence variable impacts on food webs (see Wassmann 2006 for 
reviews). However, declines in overall production or changes to the abun-
dance of traditional ‘arctic’ adapted zooplankton and fish that carry large 
lipid stores could have negative impacts on ringed seals. 
ii) Competition from temperate species expansions northward
Relatively little scientific work has specifically addressed competition 
among marine mammal species, but it is virtually certain that at least 
indirect competition takes place. Dietary overlaps among various species 
of seals (and whales) sharing a geographic range are quite common (see 
‘Competition for prey’ above). Wathne et al. (2000) documented niche 
separation between ringed seals and harp seals in the Barents Sea that 
fed on different size spectrums of prey, found at different depths, while 
targeting the same principle prey species. Further niche separation, as 
well as more direct competition would be expected within the marine 
mammal community in the Arctic as north-temperate species expand their 
ranges northward as the climate warms (Symon et al. 2005). Reduced ice 
cover will promote the rapid expansion of migratory routes for cetaceans 
that traditionally have avoided areas with summer sea ice cover. Some of 
these species are likely to consume small, pelagic schooling fish, overlap-
ping with ringed seals. Competition would be expected to have heavier 
impacts on specialists, such as many of the arctic endemics, as opposed 
to species that tend to be more flexible generalists. It is difficult to 
evaluate how ringed seals would fare facing increased competition from 
other pinniped and cetacean species in an altered environment given our 
current level of uncertainty regarding future primary production levels 
in the Arctic and possible changes to the forage base in terms of species 
composition. 
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iii) Increased predation rates 
During initial phases of reduction of sea ice during the spring season, it is 
likely that ringed seals will experience increased levels of predation from 
polar bears and arctic foxes. This has been documented to be the case 
with respect to polar bears during mild springs in the past (Rosing-Asvid 
2006). Fox predation may also initially be high if ringed seals are more 
densely packed in a reduced area of breeding habitat along coastlines. 
However, this is dependent to some degree on snow cover; precipitation 
levels are predicted to increase with climate warming in the Arctic, but 
whether the precipitation falls as snow or rain is all-important to ringed 
seal mortality levels to these predators. During this transitory phase, polar 
bears and perhaps also foxes, might likely exhibit population growth, at 
least until the ringed seal population has been depleted. However, there 
is also the risk of a negative feedback system if predation is particularly 
strong in early spring in regions where ringed seals are the majority of 
the polar bears’ diet. This could occur because the overall energy intake 
of the bears could be reduced if too many ringed seals pup were taken 
very early in the nursing period; ringed seals pups are 7–8 times more 
energy-rich at the end of lactation compared to when they are newborn. 
So, a spring feeding boom could actually result in an increase in starving 
bears late in the season (Rosing-Asvid 2006). Arctic foxes also could be 
affected, but they are less likely to be heavily impacted by ringed seal 
population reductions, because they probably would shift to eating coast-
al birds and other terrestrial prey (Roth 2003).
Killer whales are known to prey on ringed seals, but it is uncertain how 
much mortality is attributable to this marine predator. The ringed seals’ 
tight association with sea ice likely affords it considerable protection. 
However, when the seasonal sea ice retracts, it is likely that killer whales 
will expand their range northward and increase in abundance in arctic 
waters. Killer whales have been shown to be capable of having large 
impacts on marine mammal populations (Williams et al. 2004), and were 
likely the cause of recent, severe reduction in sea otter (Enhydra lutris) 
populations in Alaska (Estes et al. 1998), and perhaps some pinniped 
populations as well (Bhargava 2005). 
iv) Increased risk – disease, parasites, contaminants and human 
activities
Warmer water temperatures in combination with increased frequencies 
of contact with potential hosts of pathogens and parasites via range shifts 
of other marine species will put ringed seals at risk (see Harvell et al. 
1999). Climate-mediated physiological stress may also contribute to the 
problem, compromising host resistance and increasing the possibility of 
contracting disease or experiencing damage via parasite infections. 
Changes in contaminant pathways to, within, and from the Arctic are 
almost certain to occur under the influence of global climate change. 
Additionally, it is likely that there will be increased local releases of 
contaminants with increases in human populations in northern regions. 
Agriculture and silviculture will likely spread northward, influencing the 
arctic drainage basin. Climate change may promote the spread of insect 
pests globally, forcing some countries to re-introduce or increase the 
use of pesticides. The significance of contaminants as added stressors to 
predators already suffering from habitat and ecosystem change, while 
widely suspected, is not confidently understood (Macdonald et al. 2003). 
Key species and study areas in this latter context include marine mammal 
populations (particularly seals and bears) from the Kara Sea, Franz Josef 
Land, Svalbard and Hudson Bay (Macdonald et al. 2003). 
Other human activities are also likely to change in the Arctic as climate 
change proceeds (see Macdonald et al. 2003 for a review) that pose varia-
ble risks to ringed seals. Commercial fisheries will expand northward into 
the Arctic, potentially altering food web structure in the oceans. Ship-
ping will be enhanced, increasing the risks of oil contamination, habitat 
disruption, and ocean noise. Marginal seas clear of ice for a large portion 
of the year will also encourage increases in tourism, oil exploration, 
and other industrial activities – each of which brings with it associated 
contaminants and potential for disruption of wildlife behavior. Oil devel-
opment activities have been shown to reduce the densities of ringed seals 
somewhat at a local scale in some areas and create noise that is audible to 
ringed seals over distances of up to 10 km, but current levels of activities 
are judged to be unlikely to have large-scale population effects (Kelly et 
al. 1988, Davis et al. 1991, Moulton et al. 2002, 2003, 2005, Blackwell et 
al. 2004). 
II. Developing an international ringed 
seal monitoring programme
1.  Reason for selection of ringed seals
Ringed seals (Phoca hispida) occupy a key ecological role in Arctic 
ecosystems. They are the most numerous and widely distributed high 
Arctic pinniped species, with a world population that currently probably 
numbers in the millions. Ringed seals are found in virtually all seas and 
oceans encircling the North Pole. These seals are a major trophic link in 
arctic and sub arctic ecosystems (Lowry et al. 1980). They are the main 
prey species of polar bears (Ursus maritimus), and the most important 
natural resource for many indigenous people in coastal areas of the 
circumpolar Arctic. Despite the ecological and subsistence importance 
of this species, knowledge of stock identities, trends in population sizes, 
production rates, population parameters, and population condition status 
(“health”) is generally sparse. Knowledge of such trends, over a signif-
icant time scale, is essential in order to understand the dynamics of the 
Arctic ecosystem. Marine mammals such as ringed seals that are totally 
dependent on the sea ice environment have, not surprisingly, been identi-
fied as being sensitive to the likely impacts of climate change (Stirling & 
Derocher 1993; Tynan and DeMaster 1997).  
The potential effects of climate change on polar ecosystems is becom-
ing of paramount concern. Scenarios have been put forward, predicting 
declines in virtually all ice-dependent arctic marine mammal populations. 
At a time when human activity is believed to be having exponentially 
increasing negative impact on populations within the Arctic, it is essential 
that we conduct basic monitoring activities of key ecosystem compo-
nents. Because of their ubiquitous occurrence, availability for sampling, 
sensitivity to ice conditions, and importance within the arctic ecosystem, 
ringed seals have repeatedly been recommended as ideal subjects for 
circumpolar monitoring of arctic marine systems.  Both the international 
programme CAFF (Conservation of Arctic Flora and Fauna) and AMAP 
(Arctic Monitoring and Assessment Programme) have specifically 
requested that all of the Arctic countries launch scientific monitoring pro-
gram on ringed seal population structure, trends in abundance, vital rates 
and age structures because of this species value as an ‘indicator species’ 
for monitoring global climate change and contaminant patterns.
2. Current status of ringed seal monitoring in the Arctic 
The only arctic country that currently has a national programme for 
ringed seal monitoring is Norway. This programs first active field work 
commenced in 2002 in Svalbard. Ringed seals in this region have been 
the subject of a series of research projects over the last 15-20 years.  
Studies conducted in the 1980s included work on demographic popula-
tion parameters, diet, habitat use, reproductive and general ecology, as 
well as abundance determinations for local sub-populations within sever-
al fjords. More recently, in the 1990s, ringed seal research in Svalbard has 
focused on reproductive energetics, diving behavior and physiology, and 
contaminant burdens. This body of research provides a basis on which to 
build a meaningful data time series that will permit assessment of popu-
lation and ecological trends, but the data collected prior to 2002 did not 
have monitoring of this population as its primary purpose. Similar ‘sets’ 
of research data exist from the Alaskan, Canadian and Greenlandic Arctic 
that will be useful in a time-series context when monitoring is established 
(see Section I).
The Norwegian Polar Institute (NPI) began its simple monitoring  
programme for ringed seals as part of MOSJ (Monitoring of Svalbard 
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and Jan Mayen; http://mosj.npolar.no) in 2002. It includes the following 
parameters for this species:      
1) density and abundance of ringed seals in selected fjords in Svalbard;
2) population parameters determined in 1981-82 and 2002 and beyond  
 (age structure and vital rates);
3) diet on a local basis;
4) condition and ‘health status’ (blubber-reserves, serum chemistry) of  
 the ringed seal population; and
5) contaminant burdens (POPs, heavy metals, toxaphenes) and   
 exploration of (less expensive) biomarker methods for long term   
 monitoring of contaminants.
Among pinnipeds, harp seals, hooded seals, walrus, and the red-listed 
population of arctic harbor seals on Svalbard are also included in MOSJ. 
Cetacean monitoring in MOSJ currently includes only NPI’s cetacean 
sightings program for bowhead whales, white whales, and narwhal. It 
must be noted however, that financial backing for this monitoring system 
is not currently secure.
Canada has meetings planned in 2007 to develop an arctic monitoring 
plan, which might include ringed seals. The other arctic nations do not 
currently have plans with respect to monitoring ringed seals despite 
CAFF’s specific request to develop such plans in each nation in 2000.
The lack of focused, long-term monitoring of ringed seals among the 
arctic countries is surprising, given the ecological and subsistence 
importance of this species and the fact that they have repeatedly been 
recommended as high priority subjects for circumpolar monitoring of 
arctic marine systems. However, ringed seals have never been a species 
of large-scale commercial interest because of their dispersed, high arctic 
distribution; hence it is not easy to finance research programme for this 
species in many arctic countries. Additionally, their basic biology makes 
them a logistical challenge as they are inaccessible in many ways for 
much of the year, and their wary nature makes them quite difficult to cap-
ture for live studies of ecology and in-the-wild physiology, etc. However, 
research teams around the Arctic have overcome many of the challenges 
in working with this species, and it is timely to begin comprehensive 
monitoring. A focused (financed) international plan with simultane-
ous data collection according to standard protocols across the Arctic is 
required to monitor ringed seals effectively. It is important to commence 
monitoring as soon as is possible, given that the Arctic is already clearly 
showing signs of experiencing climate change. 
3. Candidates for parameters to monitor
i) Ringed seal parameters
Abundance of ringed seals (and trends in abundance)  
Lair densities and pup production rates (including phenology of  
reproduction)      
Population parameters (age structure and age specific mortality/ 
survivorship)       
Pup production       
Pup growth and first-year survival rates    
Seasonal movement patterns     
Ringed seal diet (seasonal, inter-annual, and comparative geographic 
basis)       
Predation rates (seasonally (spring, summer))   
Body condition and ‘health status’ (nutrition, disease, parasites) 
Contaminant exposure and contaminant-induced biological effects 
(follow AMAP)
ii) Affiliated biological parameters
Predator abundances, densities, distributions    
Prey abundance (particularly polar cod abundance and distribution) 
Competitor surveys (assessment of competition)
iii) Desired physical/environmental parameters
Sea ice phenology       
 Time of formation
 Time of break-up
Sea ice characteristics 
 Maximum depth
 Seasonal extent
Snow cover on sea ice
 Seasonal snow depth (critical pre-breeding period especially   
 important)
General meteorological monitoring 
Frequency and timing of extreme weather events – particularly winter/
spring rain
Oceanographic features important to ringed seals (ocean color (spring, 
summer and fall), others?)
iv) Human activities
Harvest rates      
Industrial development (oil and gas exploration, extraction)  
Tourism       
Commercial fishing
4. Issues to be discussed at the workshop with regard to    
 parameters
Localities to be monitored (intensively – at intervals)
Intervals for sampling
 Annual collection (tissue collections – contaminants, health etc.)
 3-year intervals – analyses of age structure in hunts etc.
 3-year intervals – diet analyses
 5-year intervals – surveys 
Methods to be used internationally to collect data on selected parameters
5. Possible additional issues to develop or discuss at the  
 workshop 
Limitations in the methods
Analyses of the data
Annual costs
Quality assurance
Desired length of time series
Originating institutions (responsible for delivery to CAFF, IUCN?)
Data availability
Form of reporting
Relevant links (to Web pages)
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Appendix II
CAFF Arctic Council workshop grant application
KEYs to the future: developing a CAFF circumpolar  
monitoring programme for ringed seals in a changing Arctic
Dr. Kit M. Kovacs (Norwegian Polar Institute) will lead the project.  
The work will be done under the auspices of CAFF and their Circumpolar 
Biodiversity (Marine) Monitoring Programme.
Ringed seals scientists from the United States (Alaska), the Western 
Canadian Arctic, middle Canadian Arctic and Eastern Canadian Arctic, 
Greenland, Eastern and Western Russia and Norway will form the core 
group that will meet to share data and develop a circumpolar ringed seal 
monitoring plan. Please see below for details.
Background
Ringed seals occupy a key ecological role in the Arctic ecosystem. They 
are the most numerous and widely distributed high Arctic pinniped, 
being found in virtually all seas and oceans encircling the North Pole 
(Reeves 1998). They are the main prey species of polar bears (Ursus 
maritimus) (e.g. Stirling & Øritsland 1995) and an important natural 
resource for people in coastal areas across the circumpolar Arctic (see 
Riewe & Amsden 1979). Ringed seals have evolved in close association 
with Arctic sea ice over the 5+ M years of its existence (Harington 2008, 
Polyak et al. 2010) and depend on the ice for virtually all aspects of their 
life history. Typically, Arctic ringed seals prefer land-fast ice in fjords and 
along coastlines, with a reasonably thick and stable snow cover; but they 
can also live and breed in drifting pack ice [e.g., in the Barents Sea (Wiig 
et al. 1999), Davis Strait (Finley et al. 1983)]. Ringed seals have the 
longest lactation period of any of the northern true seals (members of the 
family Phocidae), and need stable ice throughout the period of neonatal 
dependence (Lydersen & Kovacs 1999). Snow on the surface of the sea 
ice is essential for the construction of lairs (small caves above a breathing 
hole), in which the seals routinely rest during the winter months and also 
give birth in the early spring (e.g., Lydersen & Gjertz 1986, Furgal et al. 
1996). Ringed seal pups are only ca. 4 kg when born, so they depend on 
the lair environment to stay warm (Lydersen & Hammill 1993a). The lair 
also provides some protection against polar bears, Arctic foxes (Alopex 
lagopus) and other predators (Smith & Lydersen 1991). Lack of snow 
build-up on the ice in early winter or warm spring temperatures and rain 
can result in reproductive failure in this species (e.g., Smith & Harwood 
2001, Stirling & Smith 2004). Ringed seals normally remain associated 
with ice throughout the year (Freitas et al. 2008a) and they feed predom-
inantly on ice-associated prey, including polar cod (Boreogadus saida), 
Arctic cod (Arctogadus glacialis) and large zooplankton species such as 
Parathemisto libellula (e.g., Wathne et al. 2000, Labansen et al. 2007).
Their extreme affiliation with sea ice raises serious concern for the future 
status of arctic ringed seals (see Tynan & DeMaster 1997, Carmack & 
MaLaughlin 2001, Kelly 2001, Barber & Iacozza 2004, Symon et al. 
2005, Simmonds & Isaac 2007, Kovacs & Lydersen 2008, Laidre et al. 
2008, Moore & Huntington 2008, Ragen et al. 2008) because dramatic 
reductions in arctic sea ice have already taken place in recent decades and 
predictions for continued, escalated deterioration of this unique habitat 
dominate the scientific literature (see Hassol 2004, Pachauri 2007, Giles 
et al. 2008, Barber et al. 2009, Kwok et al. 2009, Wang & Overland 2009, 
Overland & Wang 2010 also see Tietsche et al. 2011 for an alternate 
view). Reductions in Arctic sea ice extent directly reflect a loss of habitat 
availability for ringed seals. Other risks to ringed seals posed by climate 
change include: impacts of reduced availability of their traditional li-
pid-rich prey species due to shifts occurring in Arctic food webs stimulat-
ed by ice cover declines and water temperatures increase (e.g. Grebmeier 
et al. 2006a, b, 1010, Bluhm & Gradinger 2008, Moore & Huntington 
2008, Johannessen & Miles 2010); increase risk of disease (e.g. Harvell 
et al. 199, Burek et al. 2008); increased predation by killer whales in 
some regions (see Higdon & Ferguson 2009); increased human impacts 
from shipping and development in the North (Arctic Council 2009); and 
the potential for increased effects of pollution (MacDonald et al. 2005, 
Van Bressem et al. 2009, Letcher et al. 2010). Declines in pup produc-
tion, body condition and ovulation rates have already been documented 
for ringed seals in the Canadian Arctic, which have been attributed to 
climate change impacts on ice conditions (Ferguson et al. 2005, Harwood 
et al. 2012, also see Kovacs et al. 2011 for a review). In the United States, 
a status review of ringed seals (Kelly et al. 2010a) has lead to a petition 
to list the arctic ringed seal as threatened on the Endangered Species 
list of the US, because of a belief that ringed seal are likely to become 
endangered throughout, or in a significant portion of, their range in the 
foreseeable future (www.nmfs.noaa.gov/pr/species).
Because of their sensitivity to ice conditions and their importance within 
arctic ecosystems, ringed seals have repeatedly been recommended 
as high priority subjects for circumpolar monitoring of arctic marine 
systems (e.g. Tynan & DeMaster 1997, Hansen & Brodersen 1998, Hop 
et al. 1998, Reeves 1998, Gill et al. 2011). They are high trophic feeders 
that integrate changes in the system at lower levels and thus are excellent 
systems monitoring sentinels (e.g. Moore 2008, Bossart 2011). Over a 
decade ago both the international programmes CAFF (Conservation of 
Arctic Flora & Fauna, CAFF 1999) and AMAP (Arctic Monitoring & 
Assessment Programme, Wilson et al. 1998) specifically requested that 
all of the arctic countries launch scientific monitoring programmes on 
ringed seal population structure, trends in abundance, vital rates and 
age structures because of this species’ value as an ‘indicator species’ for 
monitoring global climate change and contaminant patterns. In 2007, the 
Marine Mammal Commission of the United States held a workshop to 
develop a circumpolar monitoring plan for ringed seals (& white whales, 
Delphinaterus leucas). The outcome of the workshop was a theoretical 
framework in which monitoring of arctic marine mammal species could 
take place (Simpkins et al. 2009). A parallel but much broader process, 
run by CAFF that started in 2006, set out to develop a Circumpolar Ma-
rine Biodiversity Monitoring Programme; this process was completed in 
spring 2011 (Gill et al. 2011). This plan proposed focal species for mon-
itoring, including ringed seals, and specific key marine areas, including 
Svalbard (as part of the Northeast Atlantic Gateway). But, despite these 
many important, costly processes the simple reality is that ringed seals 
are not currently being monitored in any sort of co-ordinated interna-
tional manner. A small number of science programmes have managed to 
maintain hunter sampling programmes or sporadic time-series for various 
biological parameters (see below), but a much more integrated system 
is required to address the impacts of climate change on this keystone 
species across the Arctic.
The reason for the lack of ringed seal monitoring data is in part a lack 
of financial commitments from arctic countries for faunal monitoring 
activities in the North, but there is also a fundamental lack of information 
sharing that is required to create meaningful, cost-effective monitoring 
programmes for this species. Ringed seals are a challenging species to 
study. They spend much of the year dispersed in ice-filled areas across 
the arctic seas and their migration patterns and specifics regarding habitat 
choices are poorly known for many areas. When they do congregate in 
more accessible areas for reproduction, they spend much of their time 
in snow lairs and hence are not available for visual assessment. Only 
in late spring are they available in high densities on the surface of the 
ice for some weeks, making them available for abundance assessments. 
But, unknown rates of emigration and immigration during this period 
(Krafft et al. 2006a) and a general lack of data on site fidelity make count 
data difficult to interpret in terms of what they mean for actual popula-
tion abundance. The changing conditions in the Arctic also create new 
challenges for monitoring ringed seals, as traditional monitoring methods 
must be rethought and adapted (Kovacs et al. 2011). Thus, it is vital to 
bring together arctic-wise expertise on ringed seals at this time.
Project activity
An international science team (whose members work directly with this 
species across the circumpolar Arctic) will be convened in this project 
to gain a global perspective of the conditions facing ringed seals and to 
create a sound plan for future scientifically-based monitoring, specific to 
ringed seals. It is essential that standardized monitoring of ringed seals 
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be conducted across a broad geographic area if we are going to under-
stand the impacts of sea ice reduction and other climate change factors 
on this species. Significant regional variation in the severity and timing 
of impacts is expected, depending on actual sea ice loss rates across the 
Arctic, local bathymetry conditions, community composition and other 
factors associated with climate change in a more general sense (e.g. 
water temperature impacts on prey populations, changes in local pred-
ator populations; see Moore & Huntington 2008, Kaschner et al. 2011, 
Kovacs et al. 2011). A considerable amount of time and effort have been 
spent developing theoretical frameworks, which will be a useful starting 
point further development (see below Fig 1 from Simpkins et al. 2009; 
also see Gill et al. 2011). But, scientists have not as yet brought existing 
data ‘to the table’ in a comparative context and there is no international 
coordination among monitoring efforts. Nor is there a single national 
monitoring programme for ringed seals that has secure financial support; 
this includes the Norwegian MOSJ programme, which for example has 
not updated abundance data for this species since 2002/2003, despite 
extraordinary environmental change in the region and many consecutive 
years of reproductive failure. This workshop will allow the arctic ringed 
seal science community to advance ringed seal monitoring from the 
theoretical to the practical.
Our workshop will involve core ringed seal researchers from the United 
States (Peter Boveng and Lori Quakenbush), Canada (Lois Harwood & 
Tom Smith (west), Steve Ferguson (central) & Mike Hammill (east)), 
Greenland (Aqqalu Rosing-Asvid), Russia and Norway (the PIs for this 
programme are based at the Norwegian Polar Institute and work with 
ringed seals in Svalbard – Kit Kovacs & Christian Lydersen). Please 
see the Appendix – partners support letters. Russian colleagues from the 
east and west will be invited when funding is in place. Past experience 
has shown us that invitations to participate in programmes that do not 
transpire because of a lack of financing are very problematic for our 
Russian colleagues. The workshop will serve to compile all available data 
that could be useful for global assessment (beyond the compilation of 
published literature being performed in the CAFF’s Arctic Biodiversity 
Assessment (ABA) process) and draft a plan for low-cost, high-efficiency 
monitoring. 
We expect this core group to expand to include additional interested 
ringed seal scientists, indigenous people and managers once the ground-
work is completed. But, we feel it essential to have only scientists 
actively involved in ringed seals research and monitoring activities in 
this first step to avoid bogging down in national and regional politics that 
have plagued earlier attempts to establish a ringed seal network within 
CAFF. CAFF’s CBMP office will facilitate the scientific monitoring plan 
reaching policy makers and ensure its rigorous review and subsequent 
implementation within the broader CBMP monitoring programme (see 
Markham 1996, Fuller et al. 2008). Tom Barry from the CAFF office and 
Mike Gill from the CBMP office will be invited to join the science team 
at the meeting. 
Planning for the meeting will take place in summer 2012.The workshop 
will be held in autumn 2012 and the workshop report will be prepared 
prior to year-end 2012. This workshop’s outputs will firmly launch 
CAFF’s ringed seal monitoring network.
Figure 1
Components of a comprehensive monitoring scheme for 
Arctic marine mammals (From Simpkins et al. 2009).
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